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PREFACE  TO  FIRST  EDITION 

In  the  following  chapters  an  account  is  given  of  the  diffusion 
principle  in  analysis,  and  the  applications  which  have  so  far  been 
adequately  tested  in  practice  both  here  and  in  other  laboratoiies. 
For  such  methods  it  is  claimed  that  they  save  labour,  apparatus 
and  time  in  serial  analyses,  and  can— with  some  exceptions — be 
conducted  with  the  accuracy  of  fine  macro  work. 

In  Part  I  an  account  is  given  of  the  apparatus  and  principles 
used.  From  the  latter  further  applications  of  the  microdiffusion 
technique  may  be  deduced  for  varying  conditions  and  different 
substances.  The  description  of  apparatus  includes  an  account  of 
pipettes,  burettes  and  colorimeters,  such  as  have  been  used  in  the 
working  out  of  the  various  methods,  and  throughout  the  section 
the  question  of  accuracy  with  such  apparatus  has  been  given 
prominence.  Much  of  this,  it  is  hoped,  may  be  of  aid  to  the  senior 
student,  the  chapter  on  colorimetry  being  written  largely  with  that 
intention.  The  section  also  includes  a  description  of  the  ‘  drop- 
scale  ’  technique  of  Dr.  Kirk  and  of  Drs.  Linderstrom-Lang  and 
Holter. 

Part  II  contains  descriptions  of  methods  with  the  standard 
absorption  apparatus,  and  may  be  directly  consulted  by  those 
already  familiar  with  the  comparatively  simple  microdiffusion 
technique.  The  reader’s  attention  may  be  drawn  to  the  special 
method  of  suspended  absorption  used  for  the  blood  ammonia 
determination,  since  this  may  be  generally  applied  where  errors 
of  the  order  of  a  few  per  cent,  are  not  considered  important  and 
makes  the  method  particularly  flexible  for  massed  ammonia  and 
other  analyses. 

In  Part  III  I  have  attempted  to  introduce  order  into  the  sub¬ 
ject  of  error  in  micro -volumetric  technique,  but  in  doing  so  have 
felt  it  necessary  to  consider  the  subject  formally  both  for  macro 
and  micro  volumes  and  in  particular  from  the  standpoint  of  the 
variable  error.  Some  of  the  material  given  on  the  constant  error 
may  be  of  interest  only  to  the  pure  chemist,  but  it  is  hoped  that 
the  chapters  on  the  variable  glass  and  chemical  errors  will  appeal 
also  to  the  biologist,  since  the  principles  expounded  govern  the 

vii 


Vlll 


PREFACE  TO  FIRST  EDITION 


choice  of  micro -volumetric  technique  when  working  towards 
expected  accuracies. 

The  ease  of  routine  or  serial  determinations  of  urea  in  blood 
and  urine  may  be  considered  a  special  feature  of  the  diffusion 
technique  with  the  standard  absorption  apparatus.  It  is  shown 
also  that  such  methods  can  be  made  to  give  any  desirable  accuracy 
in  practice.  For  this  reason  an  Appendix  has  been  included 
giving  an  account  of  the  application  of  such  analyses  to  the 
measurement  of  renal  functioning. 

For  their  kind  permission  to  reproduce  illustrations  appearing 
in  their  published  work,  my  thanks  are  due  to  Dr.  P.  Kirk, 
Drs.  K.  Linderstrom-Lang  and  Holter,  Dr.  D.  Richter,  V.  Stott, 
and  to  Dr.  D.  D.  Van  Slyke  ;  as  also  to  Messrs.  A.  Gallenkamp, 
Messrs.  E.  Leitz,  Messrs.  J.  Springer,  Messrs.  G.  Thieme,  Messrs. 
H.  F.  &  G.  Witherby,  and  Messrs.  C.  Zeiss. 

I  wish  to  thank  as  well  the  editors  and  publishers  of  the  Bio¬ 
chemical  Journal ,  Hoppe-Seyler’s  Zeitschrift  fur  Physiologische 
Chemie,  the  Journal  of  Biological  Chemistry,  the  Akademische 
V erlagsgesellschaft  M.B.H.  ;  and,  for  the  descriptions  of  certain 
methods,  the  authors,  as  well  as  the  editors  and  publishers  of  the 
Journals  mentioned  in  the  text.  Finally,  my  thanks  are  due  to 
M.  Kane  of  the  Architectural  School  here,  for  preparing  most  of 


the  illustrations  for  reproduction,  and  to  the  Irish  Medical  Re¬ 
search  Council  for  a  grant  to  purchase  some  of  the  apparatus  de- 
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Since  the  first  edition  appeared  several  applications ,  have  been 
made  of  the  microdiffusion  technique.  HorsookandDubnoff 
(1939)  have  used  it  for  tine  nitrogen  determinations  (0-3-10  Opg  A) 
the  sample  being  previously  digested  by  the  Kjeldahl  method  wi  i 
special  digestion  tubes  holding  0-5  ml.  After  absorbing  the 
ammonia  by  the  microdiffusion  procedure,  the  final  titration  \ias 
carried  out  electrometrically. 

Total  nitrogen  determinations  (1-0-10  jig  N)  in  which  the  in¬ 
cineration  and  microdiffusion  are  carried  out  in  the  one  piece  of 
apparatus  are  described  by  Needham  and  Boell  (1939)  ;  and  by 
Tompkins  and  Kirk  (1942).  These  latter  workers  determined 
1  fig  N  with  ‘  an  absolute  probable  error  of  not  more  than  about 
1  per  cent,  and  a  precision  of  about  0-3  per  cent.’.  Absolute  error 
and  precision  correspond  to  the  constant  and  variable  enors 
described  in  the  second  part  of  the  present  volume. 

Hawes  and  Stavinski  (1942)  describe  a  neat  procedure  for  total 
nitrogen  determinations  (10-100  jug)  in  which  the  incineration  and 
subsequent  ammonia  absorption  are  carried  out  likewise  in  the 
one  piece  of  apparatus  (here  a  pyrex  tube  or  centrifuge  tube). 

Of  much  interest  is  Winnick’s  group  of  determinations  (1941- 
1942)  including  very  accurate  lactic  acid  determinations  in  blood, 
urine  and  tissues,  of  acetone  in  blood  and  urine,  and  alcohol  in 
blood,  also  of  threonine  in  protein  hydrolysates. 

Wercli  (1940-1941)  has  also  described  a  rapid  and  simple  quan¬ 
titative  microdiffusion  method  for  acetone  (applying  Fearon  and 
Webb’s  qualitative  test,  1936)  which  should  prove  of  clinical  value. 

A  method  for  determining  small  amounts  of  glucose,  as  in 
0- 1-0-2  ml.  blood  samples,  has  come  from  the  author’s  laboratory 
(O’Malley,  Conway  and  Fitzgerald,  1943)  and  modifications  of  the 
original  microdiffusion  procedure  for  ammonia  determinations 
suitable  down  to  about  10  jug  N  have  been  published  by  Kawerau 
(1941)  and  by  Conway  and  O’Malley  (1942). 

Applications  of  the  microdiffusion  technique  in  the  analytical 
work  of  Agricultural  Laboratories  and  Fisheries  have  been  de¬ 
scribed  by  Bandemer  and  Schaible  (1936)  ;  Common  (1936)  ; 
Prater,  Cowles  and  Straka  (1942)  ;  Beatty  and  Gibbons  (1937) 
Stavsky,  Harrison,  Dasson  and  Sater  (1944) ;  and  Charnley  (1945)  ; 
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also  in  other  kinds  of  analytical  work  by  Florkin  et  al  (1938-1940), 
Werner  (1942)  and  by  Edlbacher  and  Wiss  (1944).  The  author 
regrets  that  others  may  have  been  overlooked  owing  to  the 
difficulty  in  obtaining  the  literature. 

For  some  of  these  investigations  the  standard  ‘  units  ’  were 
apparently  not  available  and  modifications  were  constructed. 

A  very  recent  method  for  determining  carbon  monoxide  con¬ 
centrations  in  blood  has  been  developed  by  Gray  and  Sandiford 
(1946)  which  may  prove  of  value  in  forensic  as  well  as  industrial 
medicine. 

It  is  shown  in  the  present  volume  that  the  microdiffusion  prin¬ 
ciple  may  be  applied  to  the  measurement  of  carbonic  anhydrase 
and  as  well  to  the  determination  of  total  molecular  concentration 
in  minute  volumes  of  fluid — of  the  order  of  3  to  4  mg. 

The  burette  which  was  developed  chiefly  for  use  in  micro- 
diffusion  analysis  has  had  further  applications  of  interest  as  appear 
in  the  papers  of  Levvy  (1945 ;  1943)  the  latter  paper  concerned  with 
the  micro-determination  of  arsenic  in  the  biological  material ;  and  of 
glucuronic  acid  (private  communication).  Mention  may  also  be 
made  of  its  use  by  Ramsay  (1945)  in  titrating  with  titanium  sul¬ 
phate  under  hydrogen  applied  to  the  determination  of  iron  ;  also 
of  the  burette  designed  by  McFarlane  (1936)  for  a  similar  purpose 
and  incorporating  some  of  the  features  of  the  Conway  burette. 

As  well  as  the  newer  applications,  some  improvements  in  older 
methods  are  given ;  also  a  microdiffusion  technique  for  deter¬ 
mining  ammonia  N  down  to  0-07  fig  N  contained  in  droplets  of 
fluid,  and  with  a  variable  error  of  about  1%. 

Concerning  the  lay-out  of  the  material,  the  plan  of  the  original 
volume  has  been  maintained  and  most  of  its  subject  matter  in¬ 
corporated.  A  chapter  on  some  aspects  of  qualitative  micro¬ 
diffusion  analysis  has  been  included. 

The  section  on  Volumetric  Error  has  been  slightly  extended  to 
include  drop  scale  volumes. 

For  their  kind  permission  to  reproduce  illustrations  from  their 
published  work,  not  appearing  in  the  first  edition,  my  thanks  are 
due  to  Drs.  H.  Borsook  and  J.  W.  Dubnoff,  R.  C.  Hawes  and  E. 
R.  Skavinski,  J.  Needham  and  E.  J.  Boell,  W.  D.  McFarlane, 
W.  N.  M.  Ramsay,  E.  R.  Tompkins  and  P.  L.  Kirk,  and  S.  C. 


XI 


preface  to  second  edition 

YVWh  ■  also  to  Messrs.  A.  Gallenkamp  &  Co.  and  Messrs.  Hilger 
to  the  editors  and  publishers  of  the  Journal  of  ^ 

Engineering  Chemistry ;  the  Journal  of  Laboratory  and  (  hnica 
Medicine,  Metallurgia,  and  to  the  Irish  Medical  Research  Council 
for  grants  to  purchase  apparatus. 
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In  this  third  edition  new  procedures  are  described  for  the 
following : 

(a)  Alcohol  method  (developed  from  Winnick’s  procedure,  1942 

by  Conway  and  Nolan,  1948). 

(b)  Carbon  monoxide  method  (developed  from  the  procedure  of 

Lehmann,  1944,  and  of  Gray  and  Sandiford,  1949,  by 
Conway  and  Ryan,  1947)  and  its  use  for  determining  the 
oxygen  capacity  of  blood. 

(c)  Determination  of  chloroform  in  blood  (Burgen,  1948). 

(d)  Lactic  method  (modified  from  Winnick’s  procedure,  1941  by 

Conway  and  McCarvill,  1949). 

(e)  Determination  of  acetic  acid  and  other  volatile  fatty  acids 

(Conway  and  Downey,  1949). 

(/)  Separation  of  crystals  and  ‘  gums  '  on  the  micro  or  semi¬ 
micro  scale  (Bacharach,  1947). 

The  determinations  of  alcohol  and  carbon  monoxide  have  been 
improved  with  respect  to  accuracy  and  convenience  and  are  now 
among  the  most  attractive  micro-diffusion  methods.  One-tenth 
of  a  milligram  of  alcohol  in  0-1  ml.  fluid  may  be  readily  determined 
at  room  temperature  with  diffusion  period  of  60-90  minutes. 
An  accuracy  expressed  by  a  coefficient  of  variation  of  0-6  per  cent 
is  reached  with  little  difficulty. 

The  determination  of  carbon  monoxide  in  blood,  after  the  ab¬ 
sorption  in  palladium  chloride  solution,  now  turns  on  a  single 
titration  and  a  standard  deviation  of  as  low  as  04)7  vols.  per  cent 
is  readily  obtainable  with  the  No.  1  ‘  units  ’. 

A  ready  method  for  determining  chloroform  in  blood  has  been 
described  by  Burgen  (1948)  using  the  microdififusion  technique, 
and  should  prove  of  pharmacological  and  clinical  interest.  The 
lactic  acid  method  of  \\  iunick  (1941)  was  found  to  give  low  results 
with  certain  samples  of  ceric  sulphate,  and  in  the  author’s  labora¬ 
tory  the  method  has  been  modified  to  give  reproducible  results 
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with  such  ceric  sulphate  samples  not  differing  within  the  sampling 
error  from  values  obtained  by  the  method  of  Friedemann,  Cotonio 
and  Shaffer  (1927)  but  with  greater  convenience  and  in  a  form 
more  suitable  for  mass  determinations. 

A  method  for  the  determination  of  acetic  acid  and  other  volatile 
fatty  acids  has  been  elaborated  (Conway  and  Downey,  1949). 
From  the  fact  that  acetic  acid  and  its  near  homologues  are  volatile 
it  was  apparent  that  they  should  be  readily  determinable  by  the 
microdiffusion  technique.  In  practice  the  difficulty  proved  to  lie 
in  the  length  of  time  necessary  for  complete  diffusion.  This  has 
been  adequately  overcome"  by  the  use  of  powdered  anhydrous 
sodium  sulphate  applied  in  the  manner  described  in  the  text.  At 
room  temperature,  within  4-5  hours  accurate  determinations  of  the 
volatile  fatty  acids  are  very  conveniently  carried  out.  With  little 
difficulty  as  low  as  10  /xg  acetic  acid  may  be  determined  in  0-5  ml. 
fluid. 

A  method  for  separating  crystals  from  ‘  gums  ’  or  suspending 
fluids  (e.g.  the  crystals  in  ‘  carotene  paste  ’)  has  been  described  by 
Bacharach  (1947)  using  the  standard  microdiffusion  units. 

Here  it  may  also  be  noted  that  Lehmann  had  worked  out  in¬ 
dependently  (1944)  a  method  for  carbon  dioxide  determination  in 
blood  very  similar  to  that  described  in  the  first  edition  of  this  book 
(1939)  and  also  a  rapid  method  for  determining  the  approximate 
level  of  carbon  monoxide  in  blood  (1942)  and  thus  seems  to  have 
been  the  first  to  use  the  microdiffusion  principle  for  this  purpose. 
Although  the  method  described  here  (Conway  and  Ryan,  1947)— 
which  was  suggested  by  Gray  and  Sandiford’s  procedure,  1946— 
has  a  similar  degree  of  accuracy  as  the  manometric  method  using 
the  Van  Slyke  apparatus,  yet  from  the  rapidity  and  ease  of 
obtaining  approximate  results,  Lehmann’s  procedure  may  well 
find  a  place,  where  rough  estimates  only  are  required.  Kinsey  and 
Robison  (1946)  used  the  microdiffusion  principle  somewhat  in  the 
manner  of  Prater,  Cowles  and  Straka  (1942)  to  measure  the  urea 
content  of  body  fluids — particularly  the  aqueous  humour  in 
volumes  as  small  as  4  c.mm.  With  their  technique  diffusion  was 
complete  in  60  minutes  at  room  temperature,  97-8  pci  cent  of 
urea  added  to  plasma  was  recovered  and  from  the  published  data 
a  coefficient  of  variation  of  about  2-2  per  cent  was  obtained  for  the 
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single  analysis  of  quantities  of  urea  of  2  M  N  or  over  and  with 
somewhat  'less  accuracy  for  1  jig  N.  At  the  same  time  it  may  be 
noted  that  even  with  the  standard  microdiffusion  unit  (No.  1) 
1W  ammonia  N  can  be  determined  fairly  readily  to  a  coefficient 
of  variation  of  2  per  cent  and,  as  described  in  this  and  the  previous 
edition,  as  little  as  0  07  jig  ammonia  N  in  10  c.mm.  fluid  can  be 
determined  without  much  difficulty  with  a  coefficient  of  variation 
of  only  1  per  cent,  using  a  little  paraffin  wax  unit,  without  division 
into  inner  and  outer  chamber,  but  with  a  small  trench  dividing 
the  floor  into  two  regions.  With  regard  to  nitrogen  determinations 
in  the  range  of  1-100  microgrammes,  an  account  is  given  of  the 
recent  method  from  the  Carlsberg  Laboratory  (Briiel,  Holter, 
Linderstrom-Lang  and  Rozits,  1946).  Referring  to  such  nitrogen 
and  ammonia  determinations  in  a  recent  and  valuable  book 
Techniques  of  Histo  and  Cyto-chemistry  (Glick,  1949,  Interscience 
Publishers)  Glick  states  that  about  the  same  time  as  the  publica¬ 
tion  from  the  winter’s  laboratory  a  method  for  determining 
ammonia  by  microdiffusion  was  also  described  by  Linderstrom- 
Lang  and  Holter  1933),  and  then  goes  on  to  say  that  the  micro- 
diffusion  cells  described  from  here  (and  known  generally  as 
Conway  ‘  units  ’)  were  unsuitable  for  small  liquid  volumes 
etc. 

This  does  not  put  the  matter  in  its  true  perspective.  The 
Danish  workers  described  their  process  as  a  micro-distillation, 
from  one  drop  of  fluid  into  another  above  it  in  a  small  tube,  the 
process  being  conducted  by  heat  applied  below.  A  micro¬ 
distillation,  or  distillation  of  water,  carrying  ammonia,  it  must 
have  been  in  part  at  least,  but  the  present  writer  in  the  first 
edition  of  this  book  (1939)  referred  to  it  for  systematic  description 
as  a  microdiffusion  and  this  it  also  was  in  part.  It  may  be  re¬ 
marked  that  the  word  distillation,  the  dictionary  meaning  of  which 
is  a  falling  in  drops  (from  de,  down,  and  stillare,  to  drop),  is  not 
synonymous  with  diffusion,  and  is  applied  correctly  only  where 
there  is  a  condensation  of  fluid.  Apart  from  a  mere  verbal 
correctness,  there  are  here  two  processes  to  be  distinguished. 
Thus,  to  refer  to  the  passage  of  carbon  dioxide  from  the  outer  to 
the  inner  chamber  of  a  microdiffusion  apparatus  as  a  micro¬ 
distillation  is  an  obvious  misuse  of  the  word  and  this  should  like- 


XVI 


PREFACE  TO  THIRD  EDITION 


wise  be  recognised  when  it  is  used  for  the  free  passage  of  ammonia 
without  fluid  condensation. 

It  will  be  appreciated  that  with  the  development  of  this  new 
principle  of  micro-diffusion  (with  the  recognition  and  development 
of  which  the  Danish  workers  were  not  concerned),  the  question 
of  the  adequate  size  of  the  cells  or  their  form  is  merely  one  of 
maximum  convenience  in  dealing  with  the  given  volume,  or  condi¬ 
tions.  Furthermore,  the  use  of  drops  more  or  less  close  to  each 
other  in  an  enclosed  space,  and  arranged  with  the  analytical  pur¬ 
pose  of  micro-diffusion  (not  micro-distillation)  is  also  naturally 
included  in  the  application  of  the  principle.  This  is  not  confined 
to  some  special  size  or  design  of  apparatus. 

It  may  be  of  some  interest  to  add  that  a  few  years  prior  to  the 
publication  of  his  method  for  determining  ammonia,  the  author 
had  fashioned  some  cells  out  of  paraffin  wax,  similar  to  the  later 
forms  in  pyrex  and  based  on  the  theoretical  considerations  of  the 
microdiffusion  process.  With  these  accurate  ammonia  determina¬ 
tions  were  carried  out. 

Concerning  pipettes  and  burettes  a  more  extended  account  of 
these  of  interest  for  the  microdiffusion  technique  is  given,  in¬ 
cluding  the  Krogh  syringe  pipette,  the  micrometer  burettes  of 
Trevan,  and  of  Hadfield  and  other  volumetric  apparatus.  A  new 
shaking  device  by  Dale  is  also  described. 

For  their  kind  permission  to  use  material  and  illustrations  my 
thanks  are  due  to  Professor  Linderstrom-Lang,  Professor  J. 
Lehmann  and  to  Drs.  Burgen,  Wilson  Harman,  Webster  and 
Dale,  and  to  A.  Bacharach  as  well  as  to  the  editors  and  publishers 
of  the  American  Journal  of  Clinical  Pathology  and  the  Biochemical 
Journal,  Nordisk  Medicin,  Svenska  Lakartidningen,  the  British 
Medical  Journal  and  to  Messrs.  Ed.  Arnold  &  Co.  and  W.  Heffei 
and  Sons,  Ltd. 
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CHAPTER  I 


INTRODUCTORY 


In  the  development  of  modern  biological  research  large  numbers 
of  observations  become  increasingly  necessary  in  determining 
the  questions  at  issue.  It  becomes  essential  to  have  analytical 
methods  of  a  micro  kind  in  which,  without  sacrifice  of  accuracy 
with  respect  to  macro  procedure,  the  labour  and  time  expended 
with  the  single  analysis  are  reduced  to  a  minimum. 

In  the  search  for  such  a  method,  primarily  for  ammonia  and 
urea,  the  microdiffusion  principle  of  analysis  was  elaborated  here 
and  a  special  diffusion  apparatus  and  burette  designed  to  give  it 
effect.  It  was  subsequently  found  applicable  to  a  variety  of  micro 
determinations  by  the  author  and  other  workers. 


The  method  in  general  would  appear  to  be  the  simplest  possible 
consistent  with  the  maximum  attainable  accuracy  in  the  handling 
of  micio  volumes.  Distillation  and  aeration  are  eliminated,  the 
passage  of  ammonia  or  other  substance  taking  place  by  diffusion 
from  one  chamber,  in  which  it  exerts  a  certain  tension,  into  an 
absorbing  fluid  in  another  chamber  in  which  its  tension  is  reduced 
to  zero.  With  a  knowledge  of  the  diffusion  conditions  controlling 
this  passage  and  used  in  the  design  of  the  standard  microdiffusion 
apparatus  or  unit,  full  absorption  times  with  many  substances 
run  from  about  half  an  hour  to  two  hours. 

With  serial  determinations  the  time  expended  on  each  deter¬ 
mination  need  be  only  a  few  minutes  ;  one  of  the  special  ad¬ 
vantages  of  the  method  being  the  ease  with  which  large  numbers 
ot  accurate  data  can  be  assembled. 

With  the  standard  unit,  the  accuracy  of  ammonia  and  conse¬ 
quently,  of  urea  and  other  determinations,  is  limited  only  by  the 

c:rrt  I  f  7inf and  titrating  fluM  <*  :f 

in  the  tit  th  Pment  °f  the  titration  Principles  described 

the  text,  this  accuracy  can  be  brought  to  any  desirable  level  in 

practice,  so  that  with  comparative  ease  the  percentage  error  need 
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2  MICRODIFFUSION  ANALYSIS 

not  exceed  that  for  ordinary  macro  titrations  on  the  25  ml.  level. 

The  following  is  a  list  of  the  determinations  developed  so  far 
in  which  the  microdiffusion  procedure  has  been  found  of  value  : 


(1)  Ammonia,  including  special 

application  to  normal  blood 
ammonia  determinations. 

(2)  Total  nitrogen. 

(3)  Urea,  with  application  to 

renal  function  tests. 

(4)  Adenylpyrophosphoric  acid. 

(5)  Adenylic  acid. 

(6)  Adenosine. 

(7)  Aliphatic  amines. 

(8)  Nitrates. 

(9)  Acetic  acid  and  volatile  fatty 

acids. 

(10)  Amides. 

(11)  Chloride. 

(12)  Bromide. 

(13)  Iodide. 

(14)  Halogen  mixtures. 

(15)  Acetone. 

Many  of  these  methods  are  now  in  considerable  use  in  other 
laboratories,  and  as  mentioned  in  the  preface  several  have  been 
developed  elsewhere. 

With  the  standard  ‘  unit  ’  a  special  burette  was  developed,  the 
use  of  which  may  be  extended  to  general  micro  titrations  (e.g.  its 
use  for  arsenic  determinations  in  biological  material  by  Levvy, 
1943,  and  by  Ramsay,  1944,  in  the  determination  of  iron). 

For  the  microdiffusion  technique  evolved  it  may  now  be  claimed 
that  it  represents  a  new  and  special  section  of  micro  technique 
with  a  wide  range  of  application  and  the  purpose  of  the  present 
volume  is  to  give  an  account  of  the  methods  which  have  been 
tested  in  practice. 

The  general  error  of  volumetric  procedure.  During  the  de¬ 
velopment  of  this  technique  the  more  general  question  of  the  enor 
involved  in  volumetric  procedure  was  studied  firstly  in  order  to 
compare  the  error  of  the  new  technique  with  those  already  estab¬ 
lished.  Certain  principles,  however,  were  in  this  way  discovered  of 


(16)  Alcohol. 

(17)  Chloroform. 

(18)  Threonine. 

(19)  Carbon  dioxide — with  appli¬ 

cations  to  determinations  of 
(a)  blood  bicarbonate  or 
‘  alkali  reserve  ’,  (b)  oxida¬ 
tion  rates  of  organic  sub¬ 
stances. 

(20)  Carbon  monoxide,  with  appli-  * 

cation  to  determination  of 
oxygen  capacity  of  blood. 

(21)  Lactic  acid. 

(22)  Glucose. 

(23)  Separation  of  crystals  and 

gums. 

(24)  Total  molecular  concentration 

in  3-4  milligrams  of  fluid. 
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practical  help  in  assigning  standards  of  attainable  accuracies,  and 
likely  to  prove  useful  in  micro  work. 

To  anyone  with  the  laboratory  experience  it  will  seem  that  there 
are  few  more  practical  questions  of  micro  technique  than  the  com¬ 
parative  accuracies  in  the  use  of  glass  ware  in  volumetric  pro¬ 
cedure  and  titration.  The  constant  error  of  general  titrimetric 
procedure  has  no  doubt  been  expounded  by  Bjerrum  (1914)  and 
others,  and  the  question  of  exact  calibration  long  considered. 
The  variable  error,  however,  has  not  hitherto  been  equally  appre¬ 
ciated,  and  for  the  biological  worker  with  his  comparative  series  it 
is  the  more  important ;  not  only  this,  but  a  correct  understanding 
-  of  the  variable  error  affects  in  turn  the  question  of  calibration, 
and  forms  much  of  the  rationale  of  micro -volumetric  procedure. 
This  latter  turns  on  an  equation  representing  the  addition  of  the 
variable  glass  and  the  chemical  errors,  which  serves  also  as  a 
means  whereby,  for  given  quantities,  we  can  choose  ideal  volumes. 

In  the  study  of  the  variable  error  the  exact  influence  of  certain 
factors  on  the  constant  error  was  also  discovered,  which  may  be  of 
interest  to  laboratory  workers  in  general,  applying  a  volumetric 


technique. 

Note  on  the  description  of  micro -concentrations.  As  is  well 

known  the  description  of  the  concentrations  of  standard  solutions 
is  generally  made  in  terms  of  normality  or  molarity  (with  the 
symbols  N  or  M  associated  with  the  descriptive  number).  The 
immediate  results  of  analysis,  however,  are  more  usually  stated 
in  terms  of  the  absolute  units  of  mass  and  volume,  such  as  grams 
per  ml.,  per  100  ml.  or  per  litre. 

Macro-concentrations  may  in  this  way  be  considered  as  those 
most  conveniently  expressed  as  grams  per  100  ml.  or  per  cent 
and  such  description  may  be  retained  no  matter  how  low  the 
quantity  analysed  provided  the  relation  of  quantity  to  volume 
remains  on  the  same  level,  though  for  the  actual  designation  of  the 
minute  quantities  or  volumes  themselves  we  have  the  milli¬ 
gram  (mg),  and  the  microgram  (p.g)  also  termed  the 

gamma  (y  or  0  001  mg.),  and  the  lambda  (A  or  0-001  ml  — 
introduced  by  Kirk). 


Micro-concentrations  may  be  expressed  as  milli-equivalents  or 
milhmols  per  litre,  but  analytical  results  are  more  immediately 
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gi\  en  as  milligrams  per  litre  (or  per  cent.),  parts  per  million,  or 
/ ig  (or  y)  per  ml. 

These  three  units  of  concentration  are  alike  and  the  term 
‘  gammil  ’  as  the  equivalent  of  the  three  was  suggested  by  the 
author  in  the  previous  edition  as  a  convenience  in  the  laboratory. 
In  relation  to  more  accepted  conventions  this  might  be  better 
termed  ‘  microgrammil  ’  shortened  conveniently  to  ‘  micril 

The  distinction  between  the  micro-quantity  (or  volume)  and 
the  micro-concentration  is  in  any  case  one  worth  drawing,  because 
of  its  significance  in  relation  to  the  theory  of  titration  and  the 
variable  chemical  error  (as  expounded  in  Part  III  of  the  present 
volume).  From  a  consideration  of  the  latter  the  analytical  prac¬ 
tice  with  small  quantities  should  be  to  avoid  or  raise  the  micro¬ 
concentration  by  scaling  down  on  the  micro-volume.  There  is  a 
‘  micril  ’  level,  however,  above  which  there  is  little  or  no  practical 
value  in  increasing  the  concentration  (taking  certain  standard  pre¬ 
cautions  of  acidimetric  micro-titration),  and  this  for  ammonia  is 
approximately  10  ‘  micrils  ’,  though  at  1  ‘  micril  ’  the  error  need 
not  exceed  2%. 

For  colorimetry  or  spectrophotometry  of  the  ordinary  kind 
0-3  ‘  micril  ’  is  the  order  of  limit  for  accurate  working  (within 
2%).  This  concentration  of  ammonia  nitrogen  after  Nessleris- 
ation  and  viewed  through  a  stratum  depth  of  50  mm.  gives  an 
extinction  value  (E)  of  approximately  0-3,  with  filter  S  43  of  the 
Pulfrich  photometer.  An  extinction  of  0-3  is  towards  the  lower 
end  of  the  extinction  scale  for  accurate  observation. 

In  comparing  such  ‘  micril  ’  limits,  the  relation  of  the  molecular 
weights  must  of  course  be  borne  in  mind  when  these  diverge 
greatly. 

Scale  and  accuracy  of  the  microdiffusion  methods  described. 

Using  the  standard  unit  or  absorption  apparatus,  accuracies  of 
the  order  of  0-5%  are  easily  obtainable  for  ammonia,  urea, 
chloride,  bromide  and  carbon  dioxide  at  the  20,  50,  250,  500  and 
500  ‘  micril  ’  level  respectively.  Accuracies  of  the  order  of  1-2% 
can  be  obtained  with  one-tenth  these  amounts,  and  of  5%  with  as 
low  as  0-4  £  micril  ’  of  ammonia  and  a  few  ‘  micrils  ’  of  chloride 
and  bromide. 

With  1  ml.  volumes  used  in  the  standard  unit,  the  micril  re- 
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presents  the  ‘  microgramme  ’  as  the  quantity  analysed.  By  scal¬ 
ing  down  the  dimensions  of  the  apparatus  and  the  volumes  used 
much  lower  quantities  could  be  dealt  with  having  the  same  con¬ 
centrations  and  with  the  same  accuracies.  It  is  in  short  the 
‘  micril  ’  level  (i.e.  the  concentration)  that  sets  the  possible 
accuracy  and  not  the  quantity  or  volume  considered  separately. 


The  present  volume  is  divided  into  three  parts.  Part  I  deals 
with  the  apparatus  and  principles  used  in  microdiffusion  analysis. 
Part  II  give  an  account  of  the  methods  for  laboratory  usage.  In 
Part  III  is  expounded  a  new  treatment  of  volumetric  error  with 
particular  reference  to  micro-quantities  and  the  rationale  of 
micro-volumetric  technique. 

In  an  Appendix  to  the  volume  an  account  is  given  of  the  best 
as  well  as  the  easiest  method  of  applying  blood  and  urine  urea 
determinations  to  obtain  a  measure  of  renal  function.  This  is 
expressed  as  a  urea  normality  ratio.  It  is  shown  to  be  superior 
to  the  ‘  clearance  ’  test  as  applied  in  two  equations,  and  is  not 
directly  related  to  any  theory  of  the  mechanism  of  renal  excretion. 

The  student  desiring  a  rapid  account  of  the  essential  micro¬ 
diffusion  technique  will  find  this  in  Chapters  II,  V  and  the  first 
part  of  Chapter  VI,  describing  the  horizontal  burette  ;  he  will  find 
in  Part  II  a  detailed  practical  account  of  the  various  methods. 


PART  I 


APPARATUS  AND  PRINCIPLES  USED  IN 
MICRODIFFUSION  ANALYSIS 


CHAPTER  II 

A  STANDARD  MICRODIFFUSION  APPARATUS 

OR  UNIT 


The  standard  microdiffusion  apparatus  or  ‘  unit  ’  consists  of  a 
pyrex  glass  container  resembling  a  small  Petri  dish  with  thick 
glass  walls,  within  which  a  second  chamber  is  formed  by  a  circular 
wall  of  glass  arising  from  the  floor.  The  wall  of  the  inner  chamber 
is  about  half  the  height  of  the  outer. 

The  apparatus  is  covered  during  determinations  by  a  square 
glass  lid  on  which  is  smeared  a  small  amount  of  fixative,  such  as 
vaselin  or  a  mixture  of  vaselin  and  paraffin  wax,  and  in  this  way 
makes  an  air-tight  compartment. 


Figs.  1  and  la  illustrate  the  standard  pyrex  unit  (No.  1)  at 
present  available  from  Messrs.  A.  Gallenkamp,  Finsbury  Square, 
London. 

Principle  of  use.  The  general  principle  of  the  microdiffusion 
methods  consists  in  the  absorption  by  simple  gaseous  diffusion  of 
the  volatile  substance  from  the  outer  chamber  where  it  exerts  a 
certain  tension  into  the  inner  chamber  where  its  tension  is  zero  on 
the  surface  of  the  absorbing  fluid.  Though  this  on  a  first  consider¬ 
ation  would  seem  a  very  slow  process,  yet  from  the  manner  of  con¬ 
struction  of  the  ‘  unit  ’  the  rate  is  comparatively  fast,  and  deter¬ 
minations  may  be  carried  out  in  about  30  minutes  to  two  hours  for 
a  number  of  different  substances.  Where  large  numbers  are  being 
carried  out  the  procedure  can  be  so  arranged  that  the  average 
working  time  for  the  single  determination  is  only  a  few  minutes 
Ammonia  analyses  by  simple  gaseous  diffusion  were  carried  out 
y  >-chlosing  and  by  Shaffer  (as  given  in  Neuberg’s  Der  Ham 

H  * 
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1911)  some  forty  years  ago.  Separate  vessels  were  used,  both  being 
covered  by  a  large  bell  jar,  and  upwards  of  48  hours  with  the 
Schlosing  method  and  3  to  4  days  with  the  Shaffer  modification 
veie  required  for  the  absorption,  which  even  then  gave  somewhat 


Vertical  Section  on  Line  A~B. 


Fig.  1.  Plan  of  standard  unit  (from  the  Biochemical  Journal, 

27,  420). 


Fig.  la.  Standard  unit  (as  supplied  by  Messrs.  A.  Gallenkamp 
&  Co.,  Finsbury  Square,  London). 

low  results.  Diffusion  in  this  form  was  of  little  analytical  value, 
the  controlling  factors  were  not  understood  and  the  method  was 
abandoned.  The  recognition  that  the  process  could  rapidly 
reach  completion  as  a  microdiffusion  led  to  the  introduction  of 
this  as  a  new  principle  of  analysis  the  general  application  to  volat  ile 
substances  being  rationally  elaborated.  Full  absorptions  could 
be  obtained  in  as  short  a  time  as  10  minutes  with  the  standard 
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‘  unit  ’  using  0-2  ml.  ammonia  sulphate  solution  and  shorter  times 
may  be  obtained  with  small  drops  on  inclosed  surfaces— of 
paraffin  or  other  material. 

Procedure  as  exemplified  by  ammonia  determinations.  1  ml.  of 

standard  acid  is  introduced  into  the  central  chamber.  This  may  be 
introduced  either  from  an  Ostwald  or  from  a  straight  tube  pipette, 
with  a  delivery  time  not  less  than  about  five  seconds,  or  what  is 
often  convenient  for  routine  work,  from  a  2  c.c.  standard  burette  of 
the  Bang  type  (1920)  {vide  Fig.  10)  with  comparatively  large  re¬ 
servoir.  Into  the  outer  chamber  is  run  a  measured  volume  of  the 
fluid  to  be  investigated — usually  ranging  from  about  0T  to  2-0  c.c. 
For  this  also  an  Ostwald  pipette  or  straight  tube  pipette  may  be 
used.  The  lid  is  suitably  smeared  with  the  fixative  (vaselin,  vaselin 
plus  paraffin  or  a  mixture  of  paraffins)  and  placed  in  position  on 
the  ‘  unit  ’.  The  apparatus  is  then  slightly  tilted — most  conveni¬ 
ently  by  resting  one  edge  on  a  spare  lid.  The  tilting  collects  the 
fluid  in  the  outer  chamber  away  from  where  the  alkali  is  introduced. 
The  lid  is  horizontally  displaced  so  that  a  small  opening  appears 
into  the  outer  chamber  sufficient  to  allow  the  introduction  of 
the  tip  of  a  pipette  containing  a  measured  quantity  of  reagent 
liberating  the  volatile  substance,  which  for  ammonia  determin¬ 
ations  is  usually  one  ml.  of  saturated  potassium  carbonate. 

This  is  quickly  run  in  without  blowing  and— as  its  delivery  does 
not  require  to  be  very  accurate— it  is  most  conveniently  run  in 
from  a  simple  pipette  made  from  a  piece  of  glass  tubing  somewhat 
drawn  out  and  with  a  mark  at  the  required  volume.  The  lid  is  at 
once  replaced  and  the  mixture  in  the  outer  chamber  rotated  about 
10-20  times.  This  is  easily  done  by  gripping  the  unit  between 
thumb  and  fingers  and  tilting  slightly  from  side  to  side.  It  will  be 
found  that— at  least  with  very  little  experience— there  is  no 
danger  of  spiffing  the  contents  of  the  chambers,  when  the  volumes 
described  in  the  determinations  are  used. 

After  a  suitable  time  for  the  absorption  the  lid  is  detached 
and  the  contents  of  the  inner  chamber  titrated.  For  other  deter¬ 
minations  it  may  be  necessary  to  remove  it  for  colorimetric 
investigation. 


Variations  in  the  above  procedure  occur  in  the  different  deter 
minations  described  in  text,  particularly  in  the  manner  0f  So 
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ducing  the  reagents  into  the  outer  chamber.  Instead  of  one  such, 

several  may  be  required,  the  last  reagent  liberating  the  volatile 
substance. 


Fig.  2.  Standard  ‘  unit  ’  with  ‘  units  ’  No.  2a  and  2  (as  supplied  by 
Messrs.  A.  Gallenkamp,  Finsbury  Square,  London). 

Iii  developing  the  method  for  blood  glucose  as  later  described,  a 
smaller  ‘  unit  ’  was  designed  than  the  No.  1.  This  ‘  unit  ’ — No.  2 
— could  be  more  easily  secured  from  any  leakage  inwards  of 

atmospheric  CO,,  and  much  lower  ranges 
of  CO  2  could  likewise  be  dealt  with.  A 
modification  of  this  No.  2  ‘  unit  ’  was 
devised  later — No.  2a — which  had  a  much 
wider  rim  and  a  drilled  hole  through  the 
lid,  made  air-tight  by  a  small  cylinder  of 
glass  treated  with  fixative.  This  ‘  unit  ’ 
may  be  preferred  for  fine  carbon  dioxide 
work,  and  is  very  efficient,  when  deter¬ 
mining,  say,  the  carbon  dioxide  content 
of  0-1  ml.  blood,  which  may  be  done  with 
a  high  degree  of  accuracy.  These  modifi¬ 
cations  of  the  original  ‘  unit  ’  are  shown 
in  Fig.  2  and  2a.  The  No.  2  and  2a  types  have  the  same 
dimensions,  except  for  the  wide  rim  in  2a. 

These  smaller  £  units  ’  may  be  used,  of  course,  for  any  of  the 
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Fig.  2a.  Plan  of  ‘unit’ 
No.  2  (from  the  Biochemical 
Journal,  36,  655). 


A  STANDARD  ABSORPTION  UNIT 


other  microdiffusion  determinations  as  well  as  No.  1,  the  volumes 
being  suitably  scaled  down,  and  their  usage  allows  of  determina¬ 
tions  at  lower  micro  levels.  For  the  less  soluble  gases  such  as  carbon 
dioxide,  the  halogens,  etc.,  the  times  with  the  small  4  units  ’  are 
scarcely  altered.  For  the  highly  soluble  gases  or  vapours  such  as 
ammonia,  amines,  etc.,  the  times  will  be  very  dependent  on  the 
fluid  volumes  in  the  outer  chamber  and  much  influenced  also  by 
the  reduced  emission  and  absorbing  surfaces.  The  diagram  for 
the  times  required  for  ammonia  absorptions  is  given  later. 
Throughout  the  present  volume  when  the  microdiffusion  ‘  unit  ’  is 
mentioned,  the  No.  1  type  is  to  be  understood  unless  the  No.  2 
and  No.  2a  ‘  units  ’  are  definitely  stated. 

Cleaning  the  ‘  units  The  success  of  the  methods — particularly 
for  the  minute  ammonia  determinations — very  largely  depends 
on  a  satisfactory  cleaning.  This  cleaning  is  quite  easy,  but 
requires  the  carrying  out  of  a  definite  routine. 

The  following  routine  of  cleaning  is  found  suitable  for  all  de¬ 
terminations. 


1.  The  ‘  units  ’  after  use  are  well  washed  out  under  the  cold- 
water  and  then  under  the  hot-water  tap. 

2.  They  are  then  cleaned  of  any  grease  with  a  test-tube  brush 

or  pledget  of  cotton  wool,  using  a  little  soap,  and  subsequently  well 
rinsed  under  the  tap. 

3.  After  this  they  are  filled  with  dilute  sulphuric  acid  (N/200 
roughly)  containing  indicator.  This  acid  may  be  made  up  in  bulk 
in  a  large  distilled  water  bottle  and  filled  into  each  ‘  unit  ’  from 

the  outlet  of  the  bottle.  They  are  allowed  to  soak  in  the  acid  for 
fifteen  minutes. 


4-  They  are  now  well  rinsed  under  the  cold-water  tap  and 
finally  with  distilled  water.  The  drops  are  shaken  out  (the  interior 
o  the  apparatus  intended  for  immediate  use  should  never  be 
dried  with  a  cloth)  and  the  ‘  units  ’  are  left  to  dry.  For  quick 
drying  it  will  often  be  found  very  convenient  to  range  them  alone 
the  top  of  a  radiator,  resting  upside  down  along  the  ridges  They 

also  dry  comparatively  quickly  after  shaking  out  the  drops  well 
by  mere  exposure  to  the  air.  1  1 

Important  points  for  correct  usage  in  the  general  procedure 

(°)  The  UmtS  When  used  *»  determinations  where  the  final 
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measurement  is  acidimetric  should  be  perfectly  clean  in  an  acid- 
alkali  sense  and  a  routine  similar  to  that  given  must  be  followed 
in  cleaning. 

(6)  The  surface  of  the  inner  chamber  must  be  fully  covered. 
With  the  use  of  a  little  soap  in  the  cleaning  process,  as  men¬ 
tioned  above,  1  ml.  fluid  will  very  easily  cover  the  surface.  The 


Fig.  3.  Other  forms  of  microdiffusion  apparatus,  for  minute  amounts 
of  ammonia  determination. 

4 — from  Borsook  and  Dubnoff  (1939),  see  text,  page  129. 

B— from  Gibbs  and  Kirk  (1934)  ;  32  mm.  outside  diam. 

C — from  Tompkins  and  Kirk  (1942),  see  text,  page  135. 

D— from  Kinsey  and  Robison  (1946),  upper,  top  view;  lower,  side 

view.  rr. 

E— from  Conway  and  O’Malley  (1943)  ;  see  text,  page >65. 

E — from  Needham  and  Boell  (1939),  see  text,  page  133. 
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Introduction  of  soap  means  at  the  same  time  the  introduction  of 
alkali,  and  hence  the  need  for  soaking  in  acid  for  some  time. 

.(c)  The  fluid  volume  in  the  outer  chamber  should  not  exceed  that 
described  in  the  various  determinations.  (The  fluid  volume  in  this 
chamber,  as  shown  in  the  next  chapter,  has  in  general  a  very 
marked  effect  on  the  absorption  rate,  the  time  for  a  99-5  clearance 
being  proportional  to  this  volume.) 

Other  forms  of  microdiffusion  apparatus.  Since  the  description 
of  the  standard  unit  (Fig.  1)  was  published,  various  forms  of 
microdiffusion  ajiparatus,  applying  the  new  principle  have  been 
elaborated  and  are  shown  in  Fig.  3. 


CHAPTER  III 


FACTORS  INFLUENCING  THE  ABSORPTION  RATE  FROM 
OUTER  TO  INNER  CHAMBER,  WITH  SPECIAL  RE¬ 
FERENCE  TO  AMMONIA 

In  the  practical  descriptions  of  the  various  methods  in  their 
standard  form,  these  factors  need  not  be  further  considered,  but  if 
the  conditions  are  in  any  way  altered,  or  if  new  methods  are  tried 
out,  it  is  essential  to  note  their  general  effects. 

The  effect  of  time  on  the  absorption  rate.  The  rate  at  which 
the  volatile  substance  comes  across  is  directly  proportional  to 
the  tension  it  exerts  in  the  outer  chamber.  For  ammonia  with 
a  comparatively  slow  absorption  rate  the  tension  in  the  fluid  in 
outer  chamber  after  time  ‘  t  ’  will  be  proportional  to  (a  -x),  where 
a  is  the  original  amount  in  the  outer  chamber,  and  x  the  quantity 
that  has  diffused  therefrom  after  time  ‘  t  ’. 

Writing  this  relation  in  the  form 

^  =  2-3 A^a-x),  (1) 

where  2-3  is  the  absorption  rate  of  ammonia  per  unit  quantity  in  * 
the  outer  chamber,  we  obtain  on  integrating 

-  In  — =2-3^!  (2) 

t  a  -x 

or  -  log  a  =A1.  (3) 

t  a-x 

Provided  the  absorption  is  not  too  rapid  under  the  conditions 
this  equation  describes  approximately  the  time-absorption  curve 
of  ammonia  or  other  volatile  substance  when  this  is  liberated  all 
at  once  in  the  outer  chamber.  It  will  be  seen  from  equation  3 
that  the  proportion  of  the  ammonia  absorbed  after  time  ‘  t  ’  is 
independent  of  the  amount  originally  present  (under  the  same 
volume,  temperature  and  other  such  conditions).  A  more  general 

treatment  is  given  in  the  subsequent  chapter. 
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Fig.  4  shows  the  time-absorption  curve  of  ammonia  at  room 
temperature  when  to  1  ml.  of  ammonium  chloride  solution  in  the 
outer  chamber  is  added  1  ml.  of  N/10  NaOH  (Curve  A,  23  C.)  or 
1  ml.  of  saturated  potassium  carbonate  (Curve  B,  23°  C.). 

Curve  A  is  described  fairly  closely  by  equation  3.  Curve  G 
shows  the  rate  at  which  ammonia  is  absorbed  from  0-5  ml. 
ammonium  chloride  solution  plus  0-5  ml.  saturated  potassium 


Fig.  4.  Ammonia  absorption  curves  in  standard  unit,  No.  1. 

Inner  chamber  containing  1  ml.  N/200  sulphuric  acid,  outer  chamber 
containing  for 


A. 

B. 

C. 

D. 


1  ml.  2V/150  am.  chlor. 

99  99  99  yy 

0-5  ml.  „ 

1  ml.  iVyi50  am.  chlor. 


plus  1  ml.  Nj 10  NaOH. 
,,  ,,  sat.  R-oCOg. 

„  05  ml.  „ 

„  1  ml.  „ 


Temp.  23. 

9y  yy 

99  99 

„  38. 


carbonate,  and  Curve  D  the  absorption  rate  at  38°  C.  from  1  ml. 
solution  plus  1  ml.  carbonate. 

Fig.  5  shows  some  more  rapid  absorption  curves.  In  curve  A 
the  absorption,  with  rocking,  is  complete  in  10  minutes  at  room 
temperature.  For  this  the  conditions  were  0*2  ml.  standard 
ammonium  sulphate  and  1  ml.  saturated  potassium  metaborate. 

or  i?  the  same  conditions  hold  but  without  rocking,  absorption 
being  complete  in  about  25  minutes. 

In  the  chloride  determinations  the  total  amount  of  chlorine 
finally  absorbed  is  not  liberated  at  once  in  the  outer  chamber 
the  oxidation  reaction  proceeds  rather  slowly,  and  the  resulting 


16  MICRODIFFUSION  ANALYSIS 

curve  of  absorption  is  a  straight  line  up  to  an  absorption  of  about 
70%.  (See  Fig.  46.) 

Effect  of  the  fluid  volumes  on  the  absorption  rate.  The  fluid 
volume  in  the  inner  chamber  has  practically  no  influence  on  the 
absorption  rate  provided  the  surface  is  fully  covered.  This  is  due 
to  the  fact  that  it  operates  by  reducing  the  tension  of  the  absorbed 
substance  to  zero,  and  therefore  provided  it  is  in  excess,  a  change 


Fig.  5.  The  curves  show  the  percentage  absorption  of  NH3  in  the 
standard  unit  plotted  against  the  time  in  minutes.  A,  outer  chamber 
contained  0-2  ml.  standard  (NH4)2S04  and  I  ml.  sat.  potassium  meta- 
borate  ;  rocking  maintained  at  about  60  per  min.  B,  same  as  A,  but 
without  rocking.  C,  same  as  B,  but  1  ml.  sat.  potassium  carbonate  used 
instead  of  metaborate.  D,  same  as  C,  but  1  ml.  standard  (NH4)2S()4 
instead  of  0-2  ml.  (From  the  Biochem.  J.,  vol.  36,  p.  655,  1942.) 

of  volume  has  no  significant  effect.  It  is  essential  in  the  use  of  the 
‘  unit  ’  that  the  surface  of  the  inner  chamber  should  be  fully  covered. 
The  ‘  unit  ’  is  so  designed  that  1  ml.  of  fluid  readily  covers  the 
surface  and  is  in  general  the  most  suitable  volume  to  use,  though 
for  the  most  delicate  determinations  0-7  ml.  will  be  found  sufficient. 

The  fluid  volume  {V)  in  the  outer  chamber  has  by  contrast  a  very 
important  effect  on  the  absorption  rate,  which — other  things  being 
equal— is  inversely  proportional  to  this  volume.  This  arises  from  the 
absorption  rate  being  directly  proportional  to  the  tension,  and 
hence  to  the  concentration  of  the  volatile  substance  in  this 
chamber.  If  a  certain  quantity  of  substance  is  dissolved  in  1  ml. 
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fluid  it  will  exert  a  tension  twice  as  great  as  when  dissolved  in 
2  ml.,  the  fluid  having  otherwise  the  same  composition.  By 
comparison  the  absorption  will  require  twice  the  length  of  time  in 
the  latter  case  to  clear  the  substance  to  the  extent  of  99-5%  from 
the  outer  chamber.  Mathematically  we  may  express  the  relation 

(similar  to  equation  1)  as 


where  A2  is  the  absorption  rate  per  unit  concentration  ;  2-3 Ax  as 
in  equation  1  being  the  rate  per  unit  quantity. 

V  ,  a  . 

From  (4)  —In - =A2  (5) 

v  '  t  a -x 

or  from  (3)  A2  =  2-3A1V.  (6) 

The  relation  of  absorption  rate  of  fixed  quantity  to  changing 
volume  is  shown  in  Table  I. 


Table  I 


Quantity  of 
ammonia  in 
outer  chamber 
(millimols). 

V  =  volume 
of  fluid  in 
outer  chamber 
ml. 

Time 

allowed  for 
absorption 
mins. 

A1  value  = 
(ll0ga-x)' 

A  2  value  = 
2-30.4,  V. 

10 

10 

16 

00153 

0-0352 

10 

2-0 

26 

00080 

0-0368 

10 

30 

24 

0  0056 

0-0386 

10 

40 

22 

00041 

0-0377 

Temperature  =  18-5°. 

Two  estimations  were  carried  out  for  each  volume.  The  A  2  value  represents  the 
calculated  absorption  rate  in  millimols  per  minute  per  unit  concentration  of  the 
ammonia  from  the  outer  chamber,  unit  concentration  being  here  1  millimol 
per  ml. 

There  are  certain  qualifying  conditions  for  the  simple  inverse 
relation  of  fluid  volume  to  absorption  rate,  but  it  should  be  borne 
in  mind  as  an  underlying  relation.  It  is  necessary,  for  example, 
that  the  surface  of  the  outer  chamber  be  fully  covered  ;  secondly, 
m  practice  the  fluid  in  this  chamber  is  generally  altered  in  com¬ 
position  as  the  total  volume  alters,  and  this  can  affect  the  relation¬ 
ship  ;  finally,  if  the  rate  of  formation  of  the  volatile  substance  is 
markedly  slower  than  its  absorption  rate  (as  with  chlorine  from 
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chloride  under  the  standard  conditions)  the  simple  inverse  rela¬ 
tion  does  not  hold. 

Effect  of  the  saline  content  of  mixture  in  the  outer  chamber. 

The  ejects  of  the  saline  content  of  the  outer  chamber  are  given  in 
Chap.  XI  for  ammonia  absorptions  and  the  results  would  appear 
applicable  also  to  the  aliphatic  amines,  which  are  briefly  con- 
sidered  subsequent  to  the  ammonia  determinations. 

The  effect  of  temperature.  All  the  determinations  described 
may  be  carried  out  at  room  temperature.  At  the  same  time  the 
absorption  rate  can  be  hastened  by  placing  the  ‘  unit  ’  in  an  incu¬ 
bator,  and  this  is  suitable  for  ammonia  determinations  in  general, 
and  doubtless  for  other  absorptions,  though  with  the  fixative  in 
present  use  for  the  halogens  and  the  most  delicate  ammonia  de¬ 
terminations  it  is  inadvisable,  owing  to  the  fluidity  of  this  fixative 
at  the  raised  temperature. 

Incubating  at  38  degrees  reduces  the  necessary  absorption  time 
for  ammonia  determinations  to  about  60-70%  of  that  at  room 
temperature.  This  will  be  again  considered  when  dealing  with 
ammonia  determinations. 

The  effect  on  the  absorption  rate  of  altering  the  dimensions 
of  the  apparatus.  The  standard  apparatus  at  present  procur¬ 
able  from  the  makers  is  suitable  for  the  various  determinations 
described  in  Part  II.  For  special  purposes,  however,  alterations 
in  the  dimensions  may  be  required,  in  which  case  the  effect  of  such 
alterations  will  be  useful  to  know.  Where  the  clearance  distance 
between  the  inner  and  outer  chamber  or  the  distance  of  the  inner 
chamber  from  the  lid  roof  is  not  greatly  altered,  the  following 
principles  apply  approximately. 

{a)  The  absorption  rate  is  proportional  to  the  geometric  mean 
of  the  surfaces  of  the  inner  and  outer  chambers. 

(b)  It  is  inversely  proportional  to  the  mean  distance  of  passage 
of  the  molecules. 

For  the  application  of  principle  (a)  the  two  surfaces  must  be 
fully  covered. 

From  the  operation  of  the  first  of  the  two  principles  it  will  be 
seen  that  the  absorption  rate  will  be  directly  proportional  to  any 
change  in  the  general  linear  dimensions  of  the  standard  apparatus. 
An  apparatus  designed  with  all  dimensions  doubled  will  give  tw  ice 
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the  absorption  rate,  and  if  halved  will  give  half  the  absorption 
rate.  The  utilisation  of  this  to  increase  the  rate  of  absorption  is 
limited  by  the  fact  that  as  the  linear  dimensions  increase  the 
volume  required  to  cover  the  surface  increases  as  the  squaie  of 
these  dimensions. 

As  shown  above,  the  time  of  99-5%  clearance  of  the  volatile 
substance  is  proportional  to  the  volume  in  the  outer  chamber.  It 
will  be  seen  that  if  we  keep  the  volume  in  the  outer  chamber  in  all 
cases  just  what  covers  this  surface,  we  will  get  the  fastest  relative 
absorptions  or  the  shortest  times  for  clearance  of  the  substance 
as  we  decrease  the  linear  dimensions. 

Table  II 


Area  of 
floor  of 
outer 
chamber 
cm.2 

Area  of 
floor  of 
inner 
chamber 
cm.2 

Height 
of  inner 
chamber 

cm. 

Height 
of  outer 
chamber 

cm. 

Distance  of 
molecular 
passage  * 
cm. 

Absorption 
rate  found 
(A  2  value  = 
2-30.4  j  x  V) 

A  2  divided 
by  the  geom. 
mean  of  the 
areas  multi¬ 
plied  by  the 
distance  of 
passage  of 
mots. 

66-8 

43-5 

1-0 

2-0 

13-9 

0-091 

0-023 

22-7 

1(5-6 

0-6 

1-6 

8-6 

0-064 

0-028 

43 

14-8 

0-8 

1-3 

9-6 

0-062 

0-024 

7-9 

17-8 

0-5 

10 

7-0 

0-047 

0-027 

16-7 

9-6 

0-5 

10 

6-9 

0-044 

0-024 

25-6 

8-6 

0-85 

1-65 

8-3 

0-037 

0-021 

8-5 

1-76 

0-80 

1-40 

4-4 

0-025 

0-028 

Temperature  =  23°. 


The  mean  distance  of  the  molecular  passage  from  the  outer  to  inner  chamber 
would  be  very  difficult  to  state,  but  it  has  been  taken  as  proportional  to  the  total 
diameter  plus  the  height  of  the  outer  chamber  ?ninus  the  fluid  depths  in  the  two 
chambers  (the  total  diameter  of  the  outer  chamber  is  taken  at  the  top  and  thus 
includes  that  of  the  inner  chamber).  * 

The  absorption  rates  have  been  determined  with  pure  ammonia  solutions  (AM 
in  the  outer  chambers  and  N  sulphuric  acid  in  the  inner.  The  figures  in  the  last 
column  show  a  fair  constancy  and  are  indicative  of  the  general  principles  under 
lymg  the  effect  on  the  absorption  rate  of  changes  in  the  dimensions  of the 
apparatus.  Divergences  from  the  mean  value  of  these  figures  are  largely  attri 

d,fference9  in  the  depth  °f  th°  -  ^ 
in  «  « “so  tsj  £ 

TIUmn  b"‘  °ne  arc  the  values  repre- 
chamber,  or  2-30A1  x  V.  *  U  e  Per  uni^  concentration  in  the  outer 
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Halving  these  dimensions  will  then  halve  approximately  the 
time  required  for  ammonia  absorptions  under  such  conditions. 

The  best  utilisation  of  these  principles  will  depend  on  the  special 
analytical  conditions.  The  standard  apparatus  is  designed  with 
the  most  suitable  general  dimensions,  in  which  1  ml.  covers  the 


central  chamber  without  any  trouble  and  in  which  the  outer 
chamber  surface  is  also  conveniently  covered  by  1  ml.  of  fluid  plus 
1  ml.  reagent.  Table  II  summarises  the  results  obtained  with  a 
number  of  units  of  different  dimensions  to  the  standard  apparatus. 

Effect  of  rocking  on  the  absorption  rate.  An  increase  in  rate 
of  absorption  may  be  obtained  by  a  simple  rocking  device  with 
motor — Fig.  6 — the  ‘  units  ’  (D)  resting  upon  a  hinged  platform 
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(C)  supported  by  an  excentric  wheel  (A)  making  contact  under¬ 
neath  the  platform  with  glass  (such  as  a  glass  slide  fixed  under¬ 
neath). 

A  shaking  device  of  the  following  kind  (Fig.  7)  has  been  recently 
devised  by  Dale  (1949).  It  consists  of  two  glass  plates  (j  in. 
thick)  each  mounted  with  three  hollow  ground  slides  which,  when 
coinciding,  (as  indicated  in  the  diagram)  can  form  three  shallow 
cups  containing  three  steel  ball-bearings  of  £  in.  diameter.  An 


1 

t 


(From  Dale, 


Fig.  7.  Dale  s  shaking  device  for  Conway  units. 

Biochemical  Jour.,  44,  xxvii). 

Square,  London. 

‘  Oscillating  Table  ’  made  by  Messrs  Gallenkamp  and  Co.,  Finsbury 


impulse  imparted  to  the  upper  plate  sets  up  three-dimensional 
wobbling  movements  for  a  considerable  time  and  imparts  a 
suitable  mixing  movement  to  the  microdiffusion  units  placed  on 
the  upper  plate  within  a  wooden  frame.  A  geared-down  motor 

providing  an  occasional  impulse  to  the  protruding  rod  suffices  for 
continuous  shaking. 

H  is  a  curious  fact— which  is  explained  by  the  considerations  in 
the  fo  lowing  chapter-that  where  the  conditions  already  exist  for  a 
fast  absorption  (use  of  saturated  carbonate  in  outer  chamber  with 
ammonia  or  the  absorption  of  substances  like  carbon  dioxide  etc  ) 
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the  rocking  increases  this  markedly,  but  when  the  absorption  is 
already  slow  there  is  little  effect. 

The  rocking  device  converts  an  absorption  rate  of  ammonia  of 
0-030  (4j)  to  0-045  at  room  temperature,  or  will  change  the  full 
absorption  time  of  l|-2  hours  to  about  1  hour  (1  ml.  ammonia 
solution  in  outer  chamber  plus  1  ml.  saturated  carbonate)  ;  a  much 
lesser  proportionate  effect  is  obtained  when  N/ 10  sodium  hydroxide 
is  used  to  liberate  the  ammonia.  Increasing  the  period  of  rocking 
beyond  a  certain  point  (about  60  per  minute)  has  no  further  action 
on  the  absorption  rate. 

In  general,  rocking  is  not  advised  except  for  special  purposes ,  since 
it  will  obviously  tend  to  diminish  the  working  ease  and  simplicity 
of  the  method;  where,  however,  a  Dale  ‘  oscillatory  table  ’  is  at  hand, 
its  use  may  quite  often  prove  helpful. 

Other  factors.  The  time  absorption  relations  are  more  fully 
treated  in  the  subsequent  chapter,  and  special  factors  will  be 
referred  to  when  dealing  with  particular  determinations. 


CHAPTER  IV 


GENERAL  PRINCIPLES  GOVERNING  THE  ABSORP¬ 
TION  TIME  IN  MICRODIFFUSION  ANALYSIS 


In  the  previous  chapter  an  account  was  given  of  the  practical 
effects  on  the  ammonia  absorption  of  varying  the  more  important 
factors.  This  also  applies  very  largely  to  the  absorption  of  other 
substances,  particularly  those  like  ammonia,  which  are  not  only 
volatile  but  very  soluble. 

In  the  present  chapter  the  general  principles  governing  the 
absorption  rate  of  any  substance  are  theoretically  derived  and  are 
summarised  in  simple  formulae. 

The  full  solution  of  the  general  problem  of  the  successive  and 
continuous  diffusion  of  a  substance  through  three  media,  the 
conditions  in  each  of  which  are  different,  is  complicated  and 
scarcely  lends  itself  to  useful  application  in  analytical  procedure. 
It  will  be  seen,  however,  that  the  practical  requirements  are 
sufficiently  met  by  a  limitation  to  special  cases. 


I.  Time  required  for  99-5%  clearance  of  a  volatile  substance 
from  a  solution  stratum  of  ‘  a  *  cm.  depth  when  the  tension  at 
the  upper  surface  is  maintained  at  zero. 

The  solution  of  this  problem  is  contained  in  the  equation, 


100  -y 

~Too 


-kvH 

e  4a2 


—  9  kir2t 


~2bkirH 


(7) 


where  ‘  y  ’  is  the  percentage  saturation  diffused,  ‘  k  ’  the 
diffusion  coefficient  and  ‘  T  the  time.  When  y  is  99-5%  and  lc  of 
the  order  of  1  x  10~3  (cm.2/min.)  for  ammonia  and  other  molecules 
of  a  similar  magnitude  through  water,  this  series  is  very  rapidly 
convergent  and  only  the  first  term  need  be  considered.  From  this 


—  kn2t 

0-005  =  0-81  ^ 

K  we  consider  ammonia  with  a  diffusion  coefficient  of  1-09  x  10-3 

at  .0  and  1-66  x  10-3  at  38°  (from  Landolt  Bernstein’s  Tables 

23  • 
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and  Hufner  s  data  in  same  tables  reckoning  for  20°  and  38°)  we 
obtain 

t  =  2-05^ 
k 

=  1880a2  for  ammonia  at  20° 

or  1230a2  „  „  „  38°  (9) 

Where  ‘  a  '  is  0-1  cm.  (corresponding  to  1-7  ml.  in  outer  chamber  of 
‘  unit  ’  No.  1),  t  =  19  minutes  at  20°  C.  and  12  minutes  at  38°  C. 

For  a  depth  of  0- 12  cm.  (2  ml.  in  outer  chamber)  t  =  27  minutes  or 
about  half  an  hour  at  room  temperature  and  about  18  minutes 
at  38°  C. 

When  the  layer  depth  is  5  mm.  it  would  require  307  minutes  or 
five  hours  for  a  99-5%  clearance  at  38°  C.,  and  this,  quite  inde¬ 
pendently  of  the  volume  of  fluid  used.  For  microdiffusion  analysis 
the  stratum  depth  below  the  emission  surface  is  therefore  of  the  greatest 
importance. 


II.  Time  required  to  reach  a  steady  state  when  a  gas  diffuses 
from  a  fixed  tension  at  one  end  of  a  cylinder  to  zero  tension  at 
the  other. 


In  a  similar  way  it  may  be  shown  that  the  time  for  a  steady 
state  is  given  by  the  relation 


t  = 


2 P 

Vk' 


(10) 


where  1  l'  is  the  cylinder  length  and  ‘  k  *  the  gaseous  diffusion 
coefficient.  The  diffusion  coefficient  of  oxygen  into  air  is  10-7 
(cm.2/min.)  as  found  by  Obermayer  (1880)  at  zero  centigrade. 
On  the  basis  that  the  diffusion  coefficient  is  inversely  proportional 
to  the  square  root  of  the  molecular  weight  and  that  the  temperature 

effect  is  given  by  k  =  k0  (^j)  where  n  is  2  (Loschmidt  1870; 

Stefan  1872)  we  may  deduce  the  gaseous  diffusion  coefficient  of 
ammonia  as  16-9  at  20°  and  19T  at  38°. 

With  the  mean  distance  of  passage  in  a  ‘  unit  ’  of  about  3  cm., 
the  time  required  is  only  0‘34  minute  at  20°  and  0*30  at  38  .  It  is 
obvious  therefore  that  only  a  negligible  time  is  required  for  reach¬ 
ing  a  steady  state  or  for  the  attainment  of  gradients  which  are 
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simply  proportional  to  ^ ,  where  ‘  p  *  is  the  tension  in  outer 
chamber  and  £  l  ’  the  mean  distance  of  molecular  passage. 

III.  The  time  required  for  passage  of  a  volatile  substance  into 
an  absorbing  medium. 

This  we  may  regard  as  a  variant  of  I,  and  consider  that  a 
minimal  value  will  be  given  if  we  consider  the  time  required  for  a 
certain  percentage  clearance  from  the  absorptive  material  itself, 
when  one  side  is  maintained  at  zero  concentration. 

When  acid  is  being  neutralised,  then  the  time  required  for 
about  80%  neutralisation  will  be  only  the  fraction  of  a  minute, 
a  layer  of  1  mm.  depth  being  considered,  it  being  noted  also 
that  the  diffusion  coefficient  of  hydrochloric  acid  through  water 
is  over  twice  that  of  ammonia. 

From  the  foregoing,  it  is  clear  that  the  only  appreciable  delay 
in  the  total  absorption  in  apparatus  of  the  standard  type,  occurs 
from  the  diffusion  through  the  liquid  layer  in  the  outer  chamber, 
and  the  time  required  to  unload  the  quantity  of  volatile  substance 
across  a  gradient  expressed  by  pjl.  The  times  for  the  attainment 
of  uniform  gradients  across  the  gas  layer  and  the  time  of  absorp¬ 
tion  in  the  central  chamber  are  comparatively  negligible. 

It  will  also  be  seen  that  no  matter  how  high  the  tension  of  the 
volatile  substance  is,  and  no  matter  what  arrangement  we  may 
make  with  regard  to  the  disposition  of  the  surfaces,  the  total 
absorption  time  from  layers  of  1*2  mm.  depths  (2  ml.  in  outer 
chamber  of  £  unit  ’)  and  without  agitation  of  the  apparatus,  will 
take  about  half  an  hour  at  room  temperature.  We  could,  how¬ 
ever,  work  with  lesser  volumes  in  the  outer  chamber  and  still  cover 
the  surface,  though  this  becomes  difficult  with  1  ml.  We  could 
also,  if  necessary,  much  decrease  the  absorption  time  by  rocking. 

Factors  entering  into  long  absorption  times.  Where  a  large 
amount  of  the  volatile  substance  produces  a  relatively  small 
tension  the  absorption  time  will  be  comparatively  long.  Am¬ 
monia  will  serve  as  an  example.  At  38°  with  1  ml  of  NI20 

7mzr\:hlr!d:  pIus  1  mi- Nno  mon  ™  ° ^amL 

%  ‘  ‘  ’  *h®  totaI  ^sorption  time  (99-5%)  is  about  two  to  two 
and  a  half  hours.  Here  the  diffusion  in  the  liquid  layer  of  about 
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1  mm.  depth  and  the  time  for  steady  gradients  in  the  gaseous  layer 
are  comparatively  unimportant. 

The  following  factors  mostly  determine  the  absorption.  The 
rate  of  the  absorption  at  any  time  from  the  beginning  of  the 
absorption  wall  be  determined  by  the  gradient  expressed  as  pjl, 
or,  if  diffused  quantities  are  to  be  calculated,  then  more  con- 

veniently  as  ~  ,  where  ca  is  the  concentration  of  the  gas  as  g./ml. 

in  the  air  layer  in  immediate  contact  with  the  outer  chamber  or 
diffusing  surface,  ‘  l  ’  being  the  mean  distance  of  passage.  The 
absorption  rate  will  be  also  proportional  to  the  area  of  diffusing 
surface,  or  when  the  diffusing  and  absorbing  surfaces  are  different 

in  extent  to  where  st  and  sa  are  the  area  of  the  diffusing  and 

absorbing  surfaces  respectively  (shown  experimentally  as  de¬ 
scribed  in  preceding  chapter).  We  have  then 

~Jt=l  x^siSaXk’  (U) 


where  k  is  the  diffusion  coefficient  of  the  gas  or  volatile  substance 
in  air.  We  can  express  ca  in  terms  of  the  solubility  as 

q=ca  xS  xv,  (12) 

where  S  is  the  solubility  as  g./ml.  produced  by  1  g./ml.  in  the  gas 
layer,  v  is  the  volume  in  the  outer  chamber  and  ‘  q  ’  the  quantity 
of  volatile  substance  dissolved  therein. 

Then  4=c-S 

at  IS  xv  x  l 

Integrating,  we  get 


Jstsak. 


(13) 


2-3  log 


9o 


t 


=7T-J  X  Jstsa  X  k, 


q  0  -  9t  Svl 

and  where  99-5%  have  been  absorbed  from  the  outer  chamber 


(14) 


t 


2-3  x  2-3=7=—.  x  Js,sa  x  k 
Svl 


or 


t  =  - 


5-  3  Svl 


.  (15) 

v  <Sj«s0  x  k 

This  equation  shows  the  theoretical  proportionality  of  time  to 
volume  in  outer  chamber  and  to  length  of  mean  distance  between 
the  surface  as  shown  experimentally  in  the  previous  chapter. 
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From  this  equation  we  may  make  a  calculation  of  the  absorp¬ 
tion  time  for  ammonia  in  the  4  unit  at  38  degrees,  w  hen  1  ml. 
of  ammonium  solution  is  alkalinised  with  1  ml.  of  iV/10  NaOH. 

We  have 

v  —  2-0  ml. 

Z  =  3-8  cm.  (as  an  approximate  figure  for  the  mean  distance  of  mole¬ 
cular  passage,  being  the  total  distance  proceeding  vertically 
from  the  middle  of  outer  chamber  to  half  the  distance  from  top 
of  inner  chamber  to  roof,  across  and  down  at  right  angles  touch¬ 
ing  a  diameter  of  the  floor  of  inner  chamber  at  one-half  the  dis¬ 
tance  from  edge). 

S=  the  solubility  (g./ml.  in  fluid  per  g./ml.  in  gaseous  layer).  The  solu¬ 
bility  of  ammonia  is  very  much  greater  at  low  tensions  than  at 
high  which  latter  are  usually  listed  in  solubility  tables,  the  gas 
not  obeying  Henry’s  Law  at  high  pressures.  For  N/ 1  ammonia 
Abegg  and  Riesenfeld  (1902)  found  a  tension  of  13-45  mm.  at 
25  degrees.  The  figure  would  be  slightly  increased  by  the  pres¬ 
ence  of  N/ 20  NaOH — which  increase  may  be  neglected.  At 
38  degrees,  assuming  the  temperature  effect  to  be  similar  to  that 
at  high  pressures,  we  would  get  a  tension  of  21-8  mm.  In  Nfl 
ammonia  we  have  then  0  017  g./ml.  produced  by  or  producing  a 

M  21-8 

tension  of  21-8  mm.  or  22000  X  H30  *n  The  s°hibility 

(S  value)  is  therefore  — ^  g  or  0-77  x  103. 

2-2  x  10“5 

A;  =  19-1  (cm.2/min.)  at  38°,  as  given  above. 

Inserting  these  values  in  the  equation  (15),  we  get 

.5-3  x  0*77  x  103  x  2  x  3-8 
12-7  x  19*1 
31-0  x  103 
242 

=  128  minutes. 

This  corresponds  well  with  the  time  found  experimentally,  which, 
as  already  stated,  is  somewhat  over  120  minutes. 

If  now,  instead  of  ammonia,  we  consider  a  gas  such  as  chlorine 
the  solubility  at  38°  is  0-48  g./lOO  ml.  for  760  mm.  tension.  We 
can  ^convert  this  to  solubility  in  the  above  units  by  multiplying 

by  IS  *  102’  the  S  value  being  then  1-49  as  contrasted  with  770 
for  ammonia. 
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I  he  A  value  for  chlorine  at  38°  may  be  reckoned,  from  that  of 
ammonia  above,  as  9-4. 

Inserting  these  chlorine  values  in  equation  15,  we  get  an 
absorption  time  of  about  0-5  mins.  For  chlorine  and  a  number 
of  such  substances  of  comparatively  low  solubility  when  com¬ 
pared  with  ammonia,  therefore,  practically  the  whole  time  of  the 
absorption  will  be  taken  for  the  diffusion  clearance  from  the  fluid 
layer  in  the  outer  chamber. 

For  ammonia  with  2  ml.  in  the  outer  chamber  and  a  coefficient 
of  1-09  x  10-3  at  room  temperature,  this  is  27  minutes  or  just  half 
an  hour.  Keeping  the  same  volume  relations,  this  will  be  the 
order  of  figure  for  a  number  of  substances  since  the  diffusion 
coefficient  will  go  as  the  square  root  of  the  molecular  weight. 

Thus  chlorine  and  bromine  from  chlorine  and  bromine  water, 
and  carbon  dioxide  from  acidified  bicarbonate  are  found  experi¬ 
mentally  to  be  fully  or  almost  fully  absorbed  after  30  minutes, 
40  minutes  and  about  30  minutes  respectively,  the  diffusion  pro¬ 
ceeding  from  2  ml.  volumes.  Iodine  goes  in  a  similar  relation  from 
iodine  water  or  oxidised  iodide,  being  somewhat  but  not  much 
slower,  as  may  be  expected. 

Summary  of  the  factors  influencing  the  absorption  times  in 
microdiffusion  analysis  at  constant  temperature,  and  in  par¬ 
ticular  for  the  standard  ‘unit’  (No.  1).  (1)  In  microdiffusion 

vessels  with  distance  between  emission  and  absorption  surfaces 
of  the  order  of  3-5  centimetres  or  less,  and  where  the  solubility  of 
the  substance  at  760  mm.  pressure  is  about  0-5  g./lOO  ml.  or  less 

2-2 

(this  being  multiplied  by  x  102  for  use  in  the  present  treatment), 
the  time  for  a  99-5%  absorption  is  given  by 

a2 

t  =  2-05 

where  ‘  a  ’  is  the  depth  in  centimetres  and  ‘  k  ’  the  diffusion 

coefficient  through  water  (cm.2/min.). 

For  2  ml.  fluid  in  the  outer  chamber  of  the  ‘unit’,  ‘  a  ’  is 
0-12  cm.  and  the  absorption  time  for  a  number  of  substances  will 

then  lie  between  30  minutes  and  1  hour. 

The  time  absorption  curve  for  such  substances  will  follow  a 
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diffusion  curve  and  not  the  logarithmic  relation  given  in  the 
previous  chapter  (equation  3). 

(2)  Where  the  solubility  is  high  (upwards  of  50  g./lOO  ml.  or 
more  as  expressed  above),  and  where  the  gaseous  tension  of  the 
volatile  substance  is  low  for  a  standard  concentration,  the  absorp¬ 
tion  times  will  be  comparatively  slow,  and  the  liquid  diffusion 
(with  1  mm.  layer)  comparatively  unimportant.  This  is  so  for 
ammonia  when  the  fluid  in  the  outer  chamber  is  2  ml.  and  the 
tension  has  not  been  raised  by  potassium  carbonate  or  other 
substance.  The  time  in  minutes  for  a  99-5%  absorption  is  then 
given  by  the  general  relation, 

5-3  Svl 

X  k  ’ 

where  S  is  the  solubility  in  g./ml.  for  a  gaseous  concentration 

2-2 

of  1  g./ml.  (This  is  x  102  times  the  usual  figure  given  as 

g./lOO  ml./760  mm.  pressure.)  st  and  sa  are  the  surfaces  of 
emission  and  absorption  (cm.2)  ;  v  is  the  volume  in  the  outer 
chamber  (ml.)  ;  ‘  l  ’  is  the  mean  distance  of  passage  of  mole¬ 
cules,  and  ‘  k  ’  the  diffusion  coefficient  (cm.2/min.)  of  the  gas  or 
volatile  substance  through  air.  With  2  ml.  in  the  outer  chamber 
this  equation  for  the  standard  ‘  unit  ’  reduces  to 


t  =  3-2  x  ~  . 

IC 

(Solubilities  should  here  be  reckoned  for  low  tensions,  since 
Henry’s  Law  may  not  be  obeyed  at  high  pressures.) 

The  time  absorption  curve  in  this  case  follows  a  logarithmic 
relation  of  the  kind  given  in  Chapter  III. 

(3)  Rocking  if  used  will  have  a  much  greater  effect  on  the  rapid 
absorptions  than  on  the  slow  type,  since  in  the  former  the  time  of 
absorption  is  almost  altogether  due  to  the  diffusion  gradients 
through  the  liquid  which  are  easily  broken  up  by  rocking.  With 

tery  IMe  eff  t  ‘°  high  SoIubility>  ™king  has 

- .  1  e^ctl  for  the  uniform  diffusion  gradient  through  the 

gas  layer  will  be  scarcely  disturbed,  and  the  liquid  diffusion 
gradients  are  comparatively  unimportant. 


CHAPTER  V 


PIPETTES  (SUITABLE  FOR  USE  WITH  THE  STANDARD 
UNITS)  AND  THEIR  DELIVERY  ERRORS 

Here  it  is  not  proposed  to  give  a  general  account  of  pipettes,  but 
chiefly  of  such  as  have  been  used  in  practice  with  the  many 
determinations  subsequently  described,  and  which  may  be  held 
also  to  illustrate  some  principle,  in  the  application  of  which  various 
forms  at  one  time  or  other  arise.  The  use  of  No.  1  microdiffusion 
unit  is  to  be  understood  throughout  the  chapter,  a  note  on  the 
No.  2  unit  being  given  at  the  end. 

For  accounts  of  micro-volumetric  apparatus,  the  reader  is 
referred  to  such  volumes  as  those  of  Emich  (1932).  More  recent 
reviews  are  given  by  Wyatt  (1944)  and  by  Wilson  (1949),  the 
latter  in  Quantitative  M icro- Analysis  (collected  and  edited  by 
Milton  and  Waters,  1949)  ;  also  by  Glick  in  Techniques  of  Histo 
and  Cyto-Chemistry  (1949). 

Deliveries  into  the  central  chamber.  The  volumes  required  for 
the  central  chamber  deliveries  range  from  0-7  to  2-0  ml.  Where 
accuracies  of  the  order  of  0-1  to  0-2%  (standard  deviation)  only 
are  required,  any  of  the  above  may  be  used,  the  pyrex  tube 
pipette  delivering  in  not  less  than  4  seconds.  Where  accuracies  of 
a  higher  order  are  needed  (down  to  0-02%)  the  best  is  the  simple 
tube  pipette  (a),  and  the  worst  is  probably  the  pipette  delivering 
between  marks  (d),  since  the  rate  of  this  delivery  is  usually 
irregular. 

It  may  be  pointed  out  that  the  error  involved  in  the  use  of  any 
kind  of  glassware  cannot  be  assumed  ajjart  from  a  statistical 
determination  of  the  variation  occurring  in  a  relatively  large 
series  of  deliveries,  titrations  or  the  like  under  the  stated  con¬ 
ditions  of  usage.  For  particular  types  of  glassware  this  need  be 
done  only  once  and  considered  applicable  to  the  exact  conditions 
occurring.  Prior  conclusions  with  respect  to  accuracy  based 
solely  on  delicacy  of  reading  or  adjustment  are  likely  to  be 

misleading. 
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Fig.  8.  Drawings  from  actual  samples.  The 
Ostwald  pipettes  A,  B  and  C,  are  representative 
samples  now  sold,  in  each  case  inferior  to  the  original 
by  reason  of  deliveries  too  fast,  or  of  too  much  glass 
to  orifice  at  tip  (A),  or  of  ends  too  sharply  bevelled 
(i?,  C).  The  simple  tube  pipette  E,  taking  40  seconds 
to  deliver,  is  much  superior  in  accuracy  to  A,  B,  C  or 
D  (D  is  from  a  standard  1  ml.  pipette). 
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The  simple  tube  pipette.  (To  deliver  volumes  ranging  from  0-7 
to  2-0  ml.,  Fig.  8 ,  E.)  These  are  easily  made  from  pyrex  tubing 
with  internal  diameter  of  about  3-0  mm.  for  the  1  ml.  delivery.  A 
section  of  tubing  is  drawn  out  in  the  flame  and  cut  to  a  length  of 
about  30  cm.  The  tip  should  be  fine  as  in  Fig.  8,  E,  and  the  time 
of  delivery  down  20  cm.  length  with  tube  held  upright  being 
noted.  If  the  accuracies  of  0-1  to  0-2%  are  required  it  should  not 
take  less  than  3  seconds  to  deliver,  the  delivery  time  being 
regulated  by  constriction  in  the  flame.  1  ml.  is  now  sucked  up 
(this  1  ml.  being  delivered  by  an  Ostwald  or  2  ml.  burette  into  a 
small  tube)  and  a  level  a  little  above  the  meniscus  marked  with  a 


Table  III 


No.  of 
pipette. 

Kind  of 
pipette. 

Volume 

ml. 

Delivery 

time. 

Secs. 

Variable 
error  as 
coeff.  of 
varia¬ 
tion. 

1. 

Straight  tube, 
fine  tip 

0-73 

40 

0029 

1. 

Same  straight 
tube,  some 
tip  removed 

0-73 

4-8 

0  096 

2. 

Ostwald 

10 

2-2 

0T2 

3. 

Straight  tube 

0-96 

2-5 

013 

4. 

Straight  tube 

10 

1-2 

OTo 

5. 

Straight  tube, 
wide  tip 

10 

0-1 

0-40 

5. 

Straight  tube, 
wide  tip 

10 

0-1 

0-41 

1. 

Straight  tube, 
more  of  tip 
removed 

0-73 

0-1 

0-48 

5. 

Straight  tube, 
wide  tip 

10 

0-1 

0-76 

Manner  of  using. 


Drop  blown  out  gent¬ 
ly  after  delivery, 
rotating  tip  against 
side. 

As  in  previous. 


As  in  previous. 

As  in  previous. 

15  seconds  drainage 
with  tip  touching 
side. 

Drop  blown  out 
sharply  after  de¬ 
livery  with  tip 
against  side. 

Tip  touching  glass 
floor  after  delivery, 
drop  blown  out 
sharply. 

Drop  blown  out 
sharply  after  de¬ 
livery,  tip  against 
side. 

Tip  touching  fluid 
for  2  seconds  after 
delivery. 


.  mark  to  tip. 
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little  gummed  paper.  The  pipette  is  then  standardised  for  de¬ 
livery.  Whatever  volume  is  delivered  is  divided  by  the  length  of 
the  pipette,  and  in  this  way  any  small  difference  in  level  of  mark 
to  bring  to  1  ml.  exactly  is  noted,  and  a  mark  made  at  this  point 
with  a  small  sharp  file.  The  pipette  is  then  finally  standardised. 
From  Table  III  it  is  obvious  that  by  far  the  most  important 
factor  in  accuracy  is  time  of  delivery.  The  coefficient  of  variation 
with  the  first  pipette  listed — 0-029 — is  practically  the  same  as  that 
found  with  a  25  ml.  standard  pipette.  The  pipette  was  a  simple 
tube  pipette  with  fine  tip  made  in  the  laboratory  in  a  few  minutes. 
The  total  time  taken  for  its  delivery  was  not  more  than  41  seconds, 
that  of  the  25  ml.  pipette — 45  seconds,  including  drainage.  From 
this  it  would  not  be  surprising  if  a  1  ml.  technique  came  to  super¬ 
sede  entirely  the  25  ml.  macro  technique. 

For  reading  the  meniscus  a  carefully  made  file  mark  will  suffice, 
but  an  etched  ring  may  also  be  made  by  first  coating  with 
melted  paraffin,  rotating  as  this  cools,  ringing  around  with  a  fine 
metal  point  or  knife  edge  and  then  painting  with  hydrofluoric 
acid. 

A  background  formed  by  a  small  piece  of  white  label  gummed 
behind  the  mark  will  be  found  suitable. 


Elaborate  attempts  to  secure  increased  accuracy  with  the 
meniscus  reading  are  largely  waste  of  time,  particularly  if  the 
main  factors  influencing  the  pipette  error  are  not  appreciated. 

Y\  ith  iegard  to  the  accuracy  of  delivery,  we  may  consider  briefly 
what  exact  meaning  is  to  be  attached  to  accuracy  in  such  matters. 
In  pipetting  1  ml.  by  any  such  means  we  deliver  in  the  process  a 


definite  amount  of  fluid,  which  can  be  weighed  and  its  exact 

TT  111  vla  a  _  1  •  1  T  T  T1  — 


tail  down  rapidly  on  each  side.  It  may 
know  the  standard  deviation  from  the 


mean,  and  the  practical 


C.M.A. 
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limits  of  the  curve  are  included  in  plus  or  minus  three  times  the 
standard  deviation.  Consequently  the  standard  deviation,  or 
alternatively  the  probable  error  (0-67  time  the  standard  deviation), 
gives  us  the  required  measure  of  accuracy. 

The  standard  deviation  as  a  percentage  of  the  mean  (coefficient 
of  variation)  is  given  for  a  simple  tube  pipette — as  shown  in 
Part  III — by  the  relation 

0  022 


where  £  d  ’  is  the  internal  diameter  of  the  tube  in  cm.  and  ‘  t  ’  the 
mean  time  in  seconds  for  the  meniscus  to  fall  1  cm. 

For  reaching  high  degrees  of  accuracy  with  any  such  pipette  it  is 
essential  that  the  tip  be  fine,  with  a  small  proportion  of  glass  sur¬ 
face  to  orifice  at  tip,  and  a  fine  taper  with  no  sharply  shelving 
shoulders.  Fig.  8,  E  illustrates  the  kind  of  tip  desirable,  which  is  a 
little  narrower  than  that  in  use  with  the  standard  1  ml.  pipette 
and  much  finer  than  that  for  many  Ostwald  pipettes  sold  com¬ 


mercially. 

Immediately  after  the  delivery,  the  drop  in  the  tip,  which  should 
touch  the  glass,  is  gently  blown  out,  the  pipette  being  rotated. 

Results  from  pipettes  of  such  a  kind  and  also  of  a  coarser  type 
of  pipette  are  given  in  Table  III.  It  appears  from  this  table  that 
our  error  will  decrease  from  0-48%  to  0-029%  (standard  deviation) 
merely  by  altering  the  time  of  delivery  ;  and  that  the  error  found 
with  a  0-73  ml.  simple  tube  pipette  delivering  in  40  seconds  is  prac¬ 
tically  as  low  as  the  error  with  the  standard  25  ml.  pipette.  This 
delivers  with  a  coefficient  of  variation  of  0-025%,  taking  alto¬ 
gether  about  45  seconds  when  drainage  is  included. 

°  It  is  obvious  however  that  time  and  care  will  often  be  economised  by 
considering  the  required  accuracy  with  reference  to  the  maximum 

unavoidable  error  in  the  ivhole  analysis. 

The  Ostwald  pipette.  The  original  Ostwald  pipette  introduced 

over  forty  years  ago,  had  the  form  shown  in  Fig.  9,  which  is  ta  en 
from  the^  2nd  edition  of  the  Physiko-Chemische  Mesmngen,  y 
Ostwald  and  Luther  (1912)  (1st  edition  in  1893).  This  ongm 
Ostwald  pipette  is  still  the  best  of  its  ^.  subsequent  vana  .o 
or  attempted  improvements  merely  diminishing  its  y 
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The  following  is  a  translation  of  its  description  :  “  The  delivery 
end  is  made  from  the  same  glass  tube  as  the  body  of  the  pipette, 
the  neck  which  is  about  1  mm.  wide,  being  joined  on.  It  is  essential 
that  the  delivery  end  should  be  narrow,  passing  down  in  a  slightly 
conical  manner  with  walls  not  too  thin  ;  the  tip  is  narrowed  in  the 
flame — considerably  increasing  the  durability  and  so  regulated 
that  the  free  delivery  of  the  contents  takes  f  minute.  With  such 
pipettes  the  procedure  previously  described 
with  blow  out  and  with  the  tip  touching  the 
wall  is  essential  for  exact  measurements.” 

In  many  subsequent  representations  of  the 
Ostwald  pipette  the  original  delivery  time 
is  considerably  diminished  (as  in  pipettes 
from  which  A,  B,  and  C  of  Fig.  8  are  drawn), 
thereby  removing  its  essential  feature  ;  one 
also  meets  with  inconvenient  relations  of 
bulb  to  delivery  tube  (Fig.  8,  B),  and  of  too 
great  a  proportion  of  glass  to  orifice  at  the 
tip  (Fig.  8,  A).  One  may  find  also  that  the 
bulb  is  provided  with  rather  sharp  angles 
tending  to  collect  air  bubbles. 

The  accuracy  of  the  original  Ostwald 
pipette  depends  very  largely  on  its  slow 
delivery  and  fine  delivery  tip  tapering  with¬ 
out  any  sharp  bevelling  at  the  end  ;  but  the 
fact  remains  that  a  simple  tube  pipette  de¬ 
livering  in  the  same  length  of  time  gives  an 
equal  accuracy.  The  lesser  internal  surface 
of  the  Ostwrald  pipette  would  seem  at  first 
to  be  an  advantage,  but  the  great  variation 
in  rate  of  fall  of  meniscus  acts  against  this 

advantage,  and  in  any  case  a  slight  extra  increase  of  delivery 
m  the  single  tube  time  would  compensate. 

It  may  be  held  that  the  1  mm.  bore  of  the  neck  gives  a  lesser 
reading  error  than  the  3  mm.  bore  of  the  simple  tube  TWs 

wSitubes  ‘f  Tdinr  Crr0r  “  11616  °f  ne«li8ible  importance. 

™  the  "  r  and  Sl°W  deHvery'  *  is  ^  easy  to 

arrange  the  meniscus  sharply  at  the  mark.  The  semicircular 


Fig.  9.  Original  form 
of  Ostwald  pipette,  from 
Ostwald-Luther’s  Phy- 
siko-Chemische  Messun- 
gen.  Leipzig,  1902. 
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meniscus  is  clearly  demarcated  and  a  deviation  from  the  mark  of 
0-1  mm.  is  as  great  as  need  ever  be  present,  and  with  experience 
it  should  be  less.  A  possible  deviation  of  the  meniscus  from  the 
mark  of  0-1  mm.  in  a  1  ml.  tube  of  20  cm.  length  means  a  standard 
deviation  of  0-014%.  This  in  adding  to  0-03%  will  increase  it 
only  to  0-034%  (since  they  add  as  the  square  root  of  the  sum  of 
the  squares). 

A  further  advantage  of  the  straight  tube  pipette  is  that  the 
residual  fluid  can  be  always  calculated  if  necessary,  and  in 
accordance  with  the  formula  (as  shown  in  Part  III)  : 

F  =  3-4:5(11 

where  F  is  the  wall  fluid  in  c.mm.,  I  the  length  in  cm.  and  d  and  t 
have  the  same  significance  as  in  the  previous  formula. 

The  2  ml.  standard  Bang  burette  and  the  graduated  pipette. 
Both  of  these  are  alike  in  that  a  delivery  of  the  order  of  1  ml.  is 
made  from  one  mark  to  another,  but  the  burette  is  more  con¬ 
venient  for  routine  fillings,  since  the  meniscus  is  controlled  by  a 
tap  and  not  by  the  finger,  and  filling  from  the  reservoir  makes  it 
also  agreeable  to  work  with.  Neither  is  superior  to  the  simple 
1  ml.  tube. 

Fig.  10  illustrates  a  convenient  form  of  the  2  ml.  Bang  burette. 
(See  next  chapter  for  its  description.) 

The  Trevan  Pipette  or  Burette  (Syringe  driven  by  a  screw  and 
used  for  pipetting).  In  Trevan’s  paper  (1925)  which  describes  a 
slightly  modified  form  of  his  earlier  model  (1922)  it  is  noted  that  a 
syringe  driven  by  a  screw  for  the  measurement  of  small  volumes  of 
fluid  had  been  used  by  Lister  and  the  same  principle  had  also  been 
used  by  Kelvin  for  measuring  relatively  large  volumes  of  gas  in 
the  constant  pressure  thermometer.  Trevan  independently 
discovered  the  advantage  of  this  principle  in  measuring  small 
volumes  and  introduced  it  into  microchemical  work  both  as  a 

burette  and  a  pipette. 

Modifications  of  the  Trevan  design  (1925)  relate  to  the  type  of 
syringe  and  screw  used  and  the  manner  of  holding  these  in  position. 
The  use  of  such  an  arrangement  with  the  piston  of  the  s}™ge 
working  between  two  stops  was  described  by  Trevan  (page  1 
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of  his  1925  paper),  the  upper  stop  being  a  fixed  position  of  the 
micrometer  head  (which  was  adjusted  to  give  the  required  volume) 


Fio.  10.  2  ml.  Bang  burette,  with  soda-lime  tube  attachment. 


and  the  lower  the  upper  surface  of  the  barrel  of  the  syringe  The 

metThX  °r  bUrettC  iS  ShOW"  With  simP‘ified  diagrammatic 
metal  holder  arrangement  in  Fig.  11. 
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In  using  the  pipette  fluid  is  drawn  into  the  syringe  until  the 
head  of  the  piston  meets  the  micrometer  plunger,  and  the  fluid  is 
then  ejected  by  allowing  the  piston  of  the  syringe  to  fall  until  the 
syringe  is  emptied. 

Trevan  has  given  eight  successive  weighings  of  approximately 
1  c.c.  of  IV/ 10  sulphuric  acid.  From  these  the  coefficient  of 
variation  may  be  calculated  to  be  0-05  per  cent.  This  may  be 
compared  with  the  deliveries  from  the  straight  tube  pipette  taking 
45  secs,  to  deliver  in  total  or  0-029  per  cent.  At  the  same  time 
from  the  syringe  pipette  samples  ranging  from  0-1  ml.  upwards 
can  be  pipetted  with  a  high  degree  of  accuracy  by  suitable 
arrangement  of  the  upper  stop  or  micrometer  head. 


— <eQCI(I  •' 


Fig.  11.  The  Trevan  syringe  pipette,  (slightly  modified  after  Trevan, 
The  Lancet,  1922  ;  the  holding  arrangement  was  further  improved  by 
Trevan,  Biochem.  J .,  1925,  and  the  improved  model  is  sold  by  Messrs. 
Borroughs  Wellcome  &  Co.),  as  the  “Agla”  micrometer  syrmge. 


Trevan  notes  with  regard  to  his  own  practice  that  when  titrating 
with  acid  the  steel  needle  is  replaced  by  a  glass  tube  drawn  out  to 
a  point,  and  ground  to  fit  the  nozzle  of  the  syringe,  the  point  being 
covered  on  the  outside  with  paraffin  wax  to  prevent  the  fluid 
running  back.  Calibration  was  carried  out  by  measuring  the 
diameter  of  the  piston  of  the  syringe  with  a  micrometer  gauge  and 
working  out  from  the  arc  of  the  piston  the  length  this  must 
traverse  to  displace  1-0  c.c.  Calibration  by  weighing  mercury 
ejected  and  titration  of  fluids  was  also  used. 

The  Krogh  syringe  pipette. 

The  nature  of  Krogh’s  modification  (Krogh  and  Keys,  19  )  wi 

appear  from  Fig.  1 2  showing  an  all  glass  syringe  of  2  c.c.  capacity. 
The  micrometer  head  is  replaced  by  a  screw  of  ordinary  type. 
At  ‘  c  ’  there  is  an  arrangement  for  preventing  rotation  o  pis  on 
in  relation  to  barrel  of  syringe.  Also  ‘  within  the  temperature 
interval  from  15  to  25  C  the  temperature  correction  of  these 
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syringes  is  negligible  (less  than  0*0001  ml. 
because  the  steel  rods  carrying  the  adjust¬ 
able  stop  were  selected  to  compensate  with 
the  change  in  the  glass  parts. 

Concerning  the  question  of  accuracy  Krogh 
claims  that  with  such  a  syringe  pipette  any 
desired  volume  between  0-1  and  1*5  ml.  and 
an  accuracy  of  ±  0-0001  ml.  is  easily  obtained, 
and  with  the  most  careful  working  the  error 
may  be  reduced  to  ±  0-00002. 

Krogh  comments  that  a  syringe  working 
between  two  fixed  points  is  not  only  much 
quicker  than  a  pipette  of  the  same  volume, 
but  definitely  more  accurate.  The  latter  part 
of  the  statement  may  now  be  questioned  re¬ 
sulting  from  the  error  analyses  described  in 
Part  III  and  applied  in  the  use  of  the  simple 
tube  pipette  No.  1  in  Table  III.  With  this 
0-73  ml.  was  delivered  with  a  probable  error 
of  ±0-00014  ml.  There  is  no  difficulty  in 
reaching  this  accuracy  and  it  may  be  cer¬ 
tainly  taken  as  not  representing  the  obtain¬ 
able  limit.  Such  a  pipette,  with  some  experi¬ 
ence,  could  be  constructed  in  a  few  minutes, 
and  standardised  mean  of  five  deliveries  as 
recommended  in  Part  III— in  five  or  six 
minutes.  In  examining  such  accuracies  the 
possible  maximum  was  not  investigated,  it 
being  considered  sufficient  to  show  that’  in 
the  delivery  of  about  1  ml.  the  same  per¬ 
centage  accuracy  could  be  reached  as  in 
delivering  25  ml.  with  a  standard  pipette. 

In  a  later  chapter  it  is  shown — using  the 
author’s  burette  with  graduated  tube  of 
much-reduced  bore  and  finely  drawn  out 
delivery  tip-that  10  c.mm.  can  be  readily 
pipetted  with  a  probable  error  of  0-00002 


Fig. 12.  The  Krogh  - 
Keys  syringe  pipette 
(from  Krogh  and 
Keys,  J.  Chem.  Soc 
1931). 
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The  syringe  pipettes  are  specially  valuable  for — 

(а)  Rapid  and  very  accurate  serial  deliveries  of  the  same  fluid. 

(б)  Pipetting  of  viscous  fluids. 

(c)  Rapid  and  very  accurate  delivery  of  fluids  which  should 
have  no  or  only  a  minimal  exposure  to  air. 

Concerning  (c)  if  we  are  considering,  for  example,  barium  hy¬ 
droxide  solution,  an  ordinary  tube  pipette  delivering  between 
two  marks  with  the  lower  mark  about  2  cms.  from  the  tip  will 
effectively  guard  against  atmospheric  action.  This  arises  from 
the  slowness  of  diffusion  in  a  narrow  fluid  column  and  that,  at 
most,  only  the  upper  cm.  of  fluid  would  be  affected  during  the 
process,  and  such  fluid  will  not  be  delivered.  Similarly,  the  barium 
hydroxide  solution  could  be  taken  from  a  reservoir  with  soda-lime 
guard  into  a  narrow  test  tube  and  the  pipette  filled  with  the  tip 
near  the  bottom  of  the  tube. 

Deliveries  into  the  outer  chamber.  Deliveries  into  the  outer 
chamber  will  consist  of  the  analytical  sample  plus  one  or  more 
reagents.  The  latter  in  general  do  not  require  to  be  added  very 
accurately  and  fast  delivering  straight  pipettes  or  Ostwald  pipettes 
suffice  to  introduce  them. 

For  pipetting  the  analytical  sample — this  may  range  from  3-0 
ml.  to  0-1  ml.  or  less.  It  will  be  taken  here  that  the  lower  limit  is 
0-1  ml.,  the  more  submicro  determinations  being  considered  in  a 
subsequent  chapter. 

The  accuracy  of  delivery  of  the  analytical  sample  relates  to  the 
degree  of  accuracy  that  is  sought.  Standard  pipettes  from  3  ml. 
to  1  ml.  will  deliver  with  an  accuracy  ranging  from  0-07  to  0T3 
as  coefficients  of  variation.  Ostwald  pipettes  well  made 
ranging  from  0-5  ml.  to  0-1  ml.  may  be  expected  to  deliver  with 
coefficients  of  variation  ranging  from  0-2  to  0-4%.  If  higher 
accuracies  are  desired  slow  delivering  straight  tube  pipettes  may 

be  used. 

A  note  on  wash-out  pipettes.  By  washing  out  a  pipette  one 
could  hope  to  eliminate  the  pure  delivery  error  as  distinct  from 
the  reading  error  and  that  arising  from  variable  small  adherences 
around  the  tip,  but  it  should  be  remembered  that  in  doing  this  the 
fluid  should  not  have  been  originally  sucked  to  any  appreciab  e 
extent  above  the  mark.  Otherwise  one  is  washing  out  a  variable 
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amount  of  wall  fluid,  and  may  be  increasing  the  error  instead  of 
diminishing  it.  Also,  the  washing  out  should  be  done  sev  eral 
times  if  it  is  intended  to  remove  the  original  wall  fluid  completely. 

A  special  kind  of  wash-out  pipette  is  very  useful  for  accurate 
deliveries  of  small  amounts  of  fluid  (order  of  (hi  ml.  and  less)  and 
consists  in  the  use  of  the  Conway  burette  with  a  negative  hydro¬ 
static  pressure  caused  by  sucking  up  the  fluid  in  the  ‘  braking 
attachment  beyond  a  certain  point.  After  taking  in  the  required 
amount  as  noted  on  the  graduated  tube,  three  times  this  volume 
is  then  slowly  run  out.  In  this  special  case  the  washing  out  of  wall 
fluid  does  not  arise. 

After  such  deliveries  with  subsequent  washing  it  must  not  be  for¬ 
gotten  that  increasing  the  volume  of  the  outer  chamber  increases 
the  time  for  full  absorption,  and  unless  this  is  allowed  for,  serious 
errors  can  arise. 

For  a  discussion  of  the  effects  of  drainage  time,  blowing  out  of 
drop,  etc.,  the  reader  is  referred  to  Part  III.  Here  it  may  be  said 
that  no  increased  error  is  introduced  when  the  drop  is  blown 
out  immediately  at  the  end  of  delivery — which  can  be  sharply 
enough  determined  by  watching  the  meniscus— the  point  of  the 
pipette  being  rotated  against  the  glass  wall  at  the  instant  of 
delivery. 


Standardisation.  In  standardising  any  of  the  above  pipettes 
five  deliveries  are  weighed  out  into  a  tared  weighing  bottle  and 
the  mean  weight  calculated.  The  temperature  of  the  water  is 
noted  and  the  volume  of  the  delivery  for  20°  C.  is  obtained  by 


where  y  is  a  correction  found  in  Table  XXXII,  Part  III,  W  the 
weight  of  water,  and  V  the  standardised  volume.  Wash-out 
pipettes  may  be  standardised  with  mercury. 

Cleaning  of  pipettes.  If  pipettes  used  with  the  nresent  t,*nh- 
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exceptional  and  cleaned  with  sulphuric  acid  and  bichromate.  It 
is  essential  after  full  washing  out  of  the  sulphuric  acid,  that  the 
taps  be  taken  out,  well  washed,  dried  and  regreased.  The  fluid 
for  use  should  also  be  allowed  to  remain  24  hours  in  the  burette, 
which  is  then  emptied  and  refilled. 

When  acid  of  strength  less  than  N/ 500  is  used  no  exception 
should  be  made  to  excluding  concentrated  sulphuric  acid  for 
cleaning  purposes. 

Storage  bottles.  With  each  horizontal  burette  there  is  a  pyrex 
storage  bottle  which  holds  sufficient  fluid  for  a  large  number  of 
refills.  Otherwise  where  weak  standard  acid  is  being  stored, 
pyrex  bottles  or  paraffin-lined  bottles  should  be  used  when  the 
acid  is  of  less  strength  than  IV/ 100.  Bottles  may  be  lined  by 
paraffin  by  firstly  drying  well,  then  heating  under  the  hot  water 
tap  and  pouring  in  some  melted  paraffin  (m.p.  over  50°C.)  with 
which  the  internal  surface  is  easily  covered,  subsequently  pouring 
out  excess  and  allowing  to  cool  in  air. 

Barium  hydroxide  solutions — as  required  for  deliveries  into  the 
central  chamber  in  carbon  dioxide  determinations — or  other  weak 
standard  alkali  should  be  stored  in  a  bottle  with  soda-lime  guard 
and  siphon  delivery.  The  barium  hydroxide  may  be  delivered 
then  directly  into  a  reservoir  of  a  2  ml.  burette  or  into  a  small  tube 
with  subsequent  removal  of  1  ml.  by  a  long  pyrex  pipette,  the  tip 
of  which  is  inserted  to  the  bottom  of  the  tube. 


Effective  prevention  of  the  entrance  of  carbon  dioxide  from  the 
air  can  be  made  either  by  painting  rubber  stoppers,  etc.,  with 
melted  paraffin  or  by  tying  lightly  a  paper  collar  around  the  neck 
of  the  bottle  and  using  it  as  a  support  for  melted  paraffin  poured 

in.  On  setting  an  effective  seal  is  formed. 

Pipetting  into  the  No.  2  and  2 A  ‘units’.  The  range  here  is 
generally  0- 1-0-2  ml.  for  central  chamber  and  01  ml.  (or  less)  up 
to  1-0  ml.  into  the  outer  chamber.  Similar  observations  apply  as 
for  pipetting  into  the  No.  1  ‘  unit  In  addition  it  may  be  noted 
that  when  pipetting  volumes  of  the  order  of  0- 1  ml.,  tf  an  accuracy 
greater  than  that  expressible  as  a  variable  error  of  0-3 /0  is  not 
required,  pipettes  such  as  the  long  graduated  kind  supph<*j  with 

the  Warburg  manometnc  apparatus  (capaci  y  , 

often  very  useful.  The  volume  pipetted  is  delivered  rather 
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rapidly  between  two  marks.  This  is  suitable  for  such  micro¬ 
diffusion  determinations  as  total  C02  in  0-1  ml.  blood.  Alterna¬ 
tively  the  syringe  pipettes  would  here  be  very  useful  and  the 
technique  was  used  by  Lehmann  (1944)  in  determining  blood 
bicarbonate  by  the  microdiffusion  method. 


CHAPTER  VI 


MICRO-BURETTES  (SUITABLE  FOR  USE  WITH  THE 
STANDARD  UNIT)  AND  ERRORS  INVOLVED  IN 
THEIR  USE 

In  titrations  where  we  are  restricted  to  minute  quantities,  it  is 
necessary  to  keep  the  final  volume  of  fluid  low.  In  this  way  we 
decrease  the  amount  of  added  reagent  necessary  to  produce  an 
observable  change  around  the  end  point. 

The  accurate  delivery  of  small  volumes  needs  special  burettes. 
With  the  Bang  2  ml.  standard  burette  the  percentage  variable 
error  in  delivering  1  ml.  is  usually  (but  not  necessarily)  greater 
than  the  percentage  error  in  delivering  25  ml.  with  the  ordinary 
50  ml.  burette.  That  it  is  not  necessarily  greater  will  appear  from 
the  considerations  in  Part  III. 

With  a  2  ml.  Bang  burette  of  standard  type  the  variable 
error  in  delivering  1  ml.  was  found  to  be  0-11%  as  a  coefficient 
of  variation.  The  variable  error  in  delivering  25  ml.  from  a 
standard  50  ml.  burette  is  of  the  order  of  0-05%  (including  the 
reading  errors  in  meniscus  adjustment).  Such  errors  are  deter¬ 
mined  for  the  one  burette  under  the  same  conditions  as  standard 
deviations  of  the  single  delivery  from  the  mean  of  a  large  number. 
They  are  conveniently  expressed  then  as  percentages  of  the  mean 
or  coefficients  of  variation. 

Owing  to  the  large  reduction  of  volume  and  provided  we  are 
dealing  with  small  quantities  of  acid  (less  than  10  “  milli-equi- 
valents)  increased  accuracy  over  the  50  ml.  would  be  secured 
with  the  2  ml.  Bang  burette,  the  advantage  being  greater  the 
smaller  the  quantity.  At  the  same  time  the  use  of  solutions  ten 
times  or  so  more  concentrated  is  an  extra  advantage. 

With  micro-titration  in  general  it  is  occasionally  required  to 
titrate  quantities  so  minute  that  a  burette  delivering  volumes  of 
the  order  of  0-1  ml.  or  less  is  necessary,  and  such  a  burette  is  very 

suitable  for  microdiffusion  determinations.  If  the  principle  of 
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delivery  from  a  vertical  burette  is  retained,  adequate  control  is 
difficult  and  drainage  errors  are  likely  to  become  prominent. 
Such  difficulties  are  removed  by  delivering  from  a  horizontally 
placed  graduated  tube  with  uniform  delivery  rate  secured  by  a 


small  hydrostatic  pressure. 

The  error  can  be  made  at  least  as  small  as  with  Rehbeig  s 


burette  (1925),  (in  which  the  fluid  column  is  expelled  by  a 
mercury  column  controlled  by  a  screw),  but  the  ease  of  construc¬ 
tion  and  cleaning  is  greater. 

For  such  a  horizontal  micro-burette  the  variable  error  in  de¬ 
livering  01  ml.  (the  delivery  time  taking  about  ten  seconds)  was 
found  to  be  0-12%  or  practically  the  same  as  that  found  with 
the  2  ml.  Bang  burette  delivering  1  ml.  Such  delivery  errors — 
as  discussed  in  Part  III — are  very  dependent,  however,  on  the 
time  required  for  the  delivery,  but  in  so  far  as  the  two  burettes 
examined  represented  two  actual  burettes  in  use  and  t}^pical 
of  their  kind,  it  will  be  seen  that  not  only  is  the  horizontal 
burette  more  suitable  for  the  titration  of  small  quantities,  but 
may  be  substituted  for  the  Bang  burette  over  the  whole  range 
of  micro -titration. 

The  horizontal  burette  of  present  dimensions,  as  described 
below,  permits  the  use  of  fluids  ten  times  more  concentrated  than 
with  the  2  ml.  Bang  burette  and  under  better  conditions  of 
security  from  contamination  by  the  carbon  dioxide  of  the  air  or  by 
alkali  from  glass  surfaces,  the  delivered  fluid  having  been  in  con¬ 
tact  only  with  pyrex  glass  walls. 


In  the  writer’s  experience  the  horizontal  micro-burette  of 
design  described  below  is  the  most  suitable  for  routine  work  with 
the  standard  ‘  unit  The  2  ml.  standard  Bang  burette  is  also 
useful,  and  no  doubt  various  other  types  will  be  found  serviceable 
for  the  particular  conditions,  including  the  Reliberg  burette 
which  has  proved  of  so  much  value  in  micro-work  and  can  be 

readily  adapted.  These  three  burettes  are  described  in  the  en¬ 
suing  sections. 

(a)  The  Conway  micro-burette.  A  suitable  form  of  the  burette 

for  general  purposes  is  shown  in  Fig.  13  (and  may  be  procured  from 
Messrs.  A.  Gallentamp,  Finsbury  Square,  London  ;  it  is  an  im- 
provement  on  the  original  design,  1934). 


4b  microdiffusion  analysis 

-4  is  a  piece  of  thermometer  tubing  graduated  in  0-01  ml. 
large  and  0-001  ml.  small  divisions.  Being  of  good  quality  ther¬ 
mometer  tubing  uniformity  of  bore  is  secured,  though  for  the  most 
accurate  work  calibration  is  advisable.  It  is  joined  by  a  small 
piece  of  rubber  pressure  tubing  to  tube  B.  To  B  is  attached 
the  delivery  tube  and  tap  C  and  also  the  connecting  tube  and 
tap  D,  communicating  with  the  container  E  on  a  platform  which 


Fig.  13.  Conway  micro-burette  (as  supplied  by  Messrs.  A. 
Gallenkamp  &  Co.,  Finsbury  Square,  London). 


can  be  raised  or  lowered  from  the  side  and  fastened  in  position  by  a 
screw.  In  a  recent  form,  there  are  supplied,  if  desirable,  tubes 
leading  from  the  reservoir  bottle,  which  are  fitted,  with  a  ball 
enlargement  fitting  into  a  carefully  ground  socket  and  held  in 
position  by  a  wooden  collar  and  screw  arrangement.  In  this  way 
the  titrating  fluid  can  be  readily  replaced  by  another,  the  burette 
flushed  out  with  the  new  fluid  and  so  quickly  ready  for  use  with 
the  new  solution. 

Detachable  delivery  tips  attached  by  a  ground  glass  joint  are  an 
advantage,  but  add  to  the  price  of  the  instrument.  In  Fig.  14  a 
form  of  this  burette  is  shown  with  detachable  delivery  tubes  ( E ). 
All  tubing  except  the  graduated  thermometer  tubing  is  of  pyrex 
glass.  The  tube  adjoining  the  graduated  tube  has  twice  the 
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internal  bore  of  this  latter,  so  that  the  volume  of  the  fluid  in 
the  graduated  tube  is  comparatively  small  and  the  emerging 
volume  has  been  in  contact  only  with  pyrex  glass  * 

The  cleansing  required  for  a  smoothly  running  meniscus  is  very 
easily  done  by  detaching  the  graduated  tube  and  cleaning  b\  an} 
of  the  ordinary  methods.  It  may  as  a  rule  be  cleaned  sufficiently 
well  using  alcohol  and  ether.  After  cleaning  it  is  replaced  with 
the  glass  ends  in  contact  and  washed  out  with  a  few  drops  of  fluid 
from  the  container.  The  small  hydrostatic  pressure  ensures  a 
uniform  delivery  without  drainage  owing  to  the  horizontal  posi¬ 


tion.  If  the  rate  of  delivery  is  found  inconveniently  rapid  a  simple 
and  efficient  method  of  adequately  controlling  this  tendency  con¬ 
sists  in  attaching  a  glass  tube  to  the  end  of  the  graduated  section 

as  in  Fig.  9  (F).  This  dips  into  water  below,  contained  in — say _ 

a  25  ml.  beaker.  By  sucking  up  some  water  in  this  tube  and 
attaching  the  clip  as  in  Fig.  9,  the  delivery  pressure  of  the  burette 
is  diminished  and  controlled  as  desired.  The  internal  diameter  of 
tube  ( F )  should  be  at  least  4  mm.  The  delivery  tube  should  at 
at  the  same  time  be  finely  pointed  and  not  too  blunt  and  the  open¬ 
ing  sufficiently  constricted  to  give  a  comparatively  slow  flow. 

In  delivering  from  the  burette  the  tip  of  the  delivery  tube  may 
be  allowed  to  touch  the  fluid  for  titration.  If  this  method  is  not 

*  Hence  Kirk’s  criticism  (1950)  with  respect  to  rubber  contacts  is  not,  in  effect 
applicable. 
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used  a  fine  pyrex  rod  will  be  found  suitable  for  removing  small 
volumes  of  fluid  from  the  tip  and  an  amount  representing  one 
division  on  the  graduated  tube  may  be  controlled  in  its  emergence 
and  transferred  to  the  titrated  fluid.  Much  finer  deliveries  can 
be  secured  by  the  contact  method. 

Filling,  greasing  of  taps,  etc.  The  burette  is  firstly  assembled  in 
accordance  with  the  diagram,  and  the  various  parts  compared 
with  the  description.  The  manner  of  usage  can  be  readily  deduced 
from  the  construction,  but  the  following  description  may  prove 
helpful.  The  tube  F  is  detached  from  tube  A  and  the  platform  for 
the  ‘  unit  ’  also  displaced.  The  pyrex  bottle  E  is  detached,  its 
supporting  platform  being  lowered,  after  turning  the  screw  at  the 
side.  The  bottle  E  is  rinsed  out  with  some  of  the  fluid  for  use, 
then  filled  to  near  the  top  and  replaced  in  position.  It  will  be 
necessary  at  first  to  suck  the  fluid  across  into  A  by  attaching  a  thin 
rubber  tube  to  the  end  of  A  and  then  sucking.  The  rubber  tube  is 
detached  and  the  fluid  allowed  to  drip  from  A,  the  overflow  being 
caught  in  a  vessel  placed  suitably  underneath.  The  delivery  tap 
at  C  is  opened  and  the  fluid  allowed  to  flow  out  freely,  being,  if 
necessary,  gently  sucked  out  at  first  through  a  rubber  tube 
attached  to  the  delivery  tip.  When  all  the  air  has  been  displaced, 
the  taps  are  turned  into  the  closed  position,  the  platform  for 
holding  the  c  unit  ’  is  replaced  and  some  titrations  carried  out  to 
see  if  the  apparatus  is  in  working  order.  The  tube  F  may  then  be 
attached  and  water  sucked  up  if  it  is  thought  desirable  to  have  a 
better  control  of  the  meniscus  in  A.  When  filled  and  in  working 
order  the  burette  requires  no  attention  for  a  long  period,  other 
than  the  occasional  detaching  of  tube  A  for  cleaning  with  alcohol 
and  ether  to  secure  a  smoothly  running  meniscus. 

If  at  any  time  the  taps  begin  to  stick,  they  are  opened  after 
detaching  bottle  E,  dried  with  filter  paper,  as  also  their  glass 
sockets  after  emptying  the  tubes,  then  greased  in  the  usual 
manner  and  replaced.  In  greasing  such  taps  a  very  small  quantity 
of  rubber  grease  is  smeared  on  and  then  a  minute  amount  of 
vaseline,  which  is  spread  by  rotating  the  tap  in  socket. 

Where  extremely  weak  barium  hydroxide  solutions  are  used  (o± 
the  order  of  IV/ 1000),  each  day  before  the  series  of  titrations  about 
10  ml.  of  the  alkali  is  run  out  and  discarded  ;  the  cork  of  reservoir 
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bottle  and  rubber  of  soda-lime  guard  should  likewise  be  sealed 
from  the  air  with  melted  paraffin. 

In  Fig.  15  is  shown  a  modified  form  (Harman  and  Webster, 
1948)  laboratory  constructed,  in  which  instead  of  the  ball  and 
socket  arrangement  commented  on  above  for  interchanging 


Fig.  15.  Modified  Conway  burette  (Harman  and  Webster 
Amer.  Jour,  of  Clin.  Path.,  1948). 


delivery  bottles  three  reservoir  bottles  are  held  on  an  attached 
platform  above  and  behind  in  a  position  behind  the  burette  and 
feed  the  delivery  tube  at  E.  Blt  B„  B ,  are  three-way  stopcocks. 

On  changing  from  one  reservoir  to  another  the  stopcocks  of  the 
wo  inactive  reservoirs  are  adjusted  to  the  drainage  position  and 

the"toe  sys.temffi  ed  fom  the  acti™  reservoir.  After  closure  of 
stopcocks  of  the  inactive  ’  reservoirs,  the  burette  tube  is 


50 


MICRODIFFUSION  ANALYSIS 

filled  and  emptied  through  the  titrating  cock  three  times,  and  is 
then  ready  for  use. 

In  Fig.  16  are  shown  simplified  forms  of  the  Conway  burette  by 
^  ilson  (1949)  and  Holt  and  Callow  (1942).  The  manner  of  using 
such  burettes  appears  from  the  diagrams.  Wilson  ( 1 949)  comments 
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Fig.  16.  Further  micro-burettes  of  interest  in  connection  with 

microdiffusion  methods. 

I.  Modified  Conway  burettes  (from  Wilson,  1940). 

II.  Horizontal  burette  (from  Holt  and  Callow,  194i,  J.  Soc.  C  em. 


III.  Syringe  burette  (Hadfield  modification  of  Trevan  burette  ;  J.  Soc. 

Chem.  Ind.,  1942).  1Q4 ,  j  n:ni 

IV.  Kirk  burette  (Sisco,  Cunningham  and  Kirk  type,  1941,  •  . 

Chem.). 


on  the  Holt  and  Callow  burette  as  difficult  to  control  with  a  spongy 
action  and  very  sensitive  to  temperature  variations  during  the 


The  Bang  burette  (1920).  The  most  suitable  burette  of 
this  type  is  the  standard  2  ml.  with  soda-lime  guard  as  shown  in 
Fig  10  The  fluid  from  the  bulb-like  reservoir  is  controlled  by 
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the  tap  below  and  behind  the  graduated  section.  In  filling  this 
latter  bubbles  are  generally  easily  removed  by  having  the  tap 
fully  open  at  first.  With  a  well-made  delivery  tip  the  fall  of 
the  meniscus  down  to  the  1  ml .  level  should  not  take  less  than 
ten  seconds. 

After  some  time  in  use  the  meniscus  will  not  descend  evenly  and 
droplets  remain  on  the  sides,  when  the  burette  must  be  cleaned. 
Strong  sulphuric  acid  and  di chromate  may  be  used,  the  burette 
being  filled  with  this  and  allowed  to  stand  overnight.  It  must 
then  be  repeatedly  rinsed  out  with  water  and  subsequently  with 
the  fluid  for  titration,  being  allowed  to  stand  several  hours  with 
this  and  refilled  before  titrating. 

The  remarks  concerning  the  suitable  greasing  of  taps  in  the 
previous  section  apply  here  also,  and  before  using,  the  new 
burette  should  be  cleaned  and  the  taps  freshly  greased. 

The  end-point  emergence  from  burettes.  Before  using  the  hori¬ 
zontal  micro-burette  for  titrations  the  minimal  or  end-point 
emergence  for  careful  routine  work  should  be  observed.  For  the 
50  ml.  burette  this  is  usually  taken  as  the  drop  ;  for  all  burettes 
below  this  volume  the  drop  is  too  large  and,  of  course,  far  too 
large  for  the  2  ml.  Bang  burette  and  the  horizontal  burette.  With 


a  well-made  Bang  burette  the  end-point  emergence  should  not 
exceed  4  to  5  c.mm.  For  the  present  horizontal  burette  it  need 
not  exceed  0-5  c.mm.  Such  an  emergence  is  transferable  with  a 
fine  pyrex  rod  from  the  tip  of  the  burette  delivery  tube  to  the 
fluid  for  titration.  Finer  emergences  than  this  are  secured  by  the 
contact  method  of  delivery,  which  has  now  become  rather  general 
in  micro  work  (Emich,  1932).  Larger  emergences — 1-0  or  2-0 

c.mm.— may  be  used  when  the  titration  does  not  call  for  the 
finest  accuracy. 


On  turning  the  tap  of  a  burette  carefully  until  a  small  amount  of 
fluid  emerges  it  will  be  noticed  that  the  tiny  emergent  gush  is 
rather  constant  for  each  single  burette.  It  depends  on  the  degree 
o  constriction  and  the  glass  surface  at  the  end  of  the  tip  as  well 
as  on  the  volume  and  shape  of  hole  bored  through  the  movable  tap 

the  best"!0  WhiCh  tWS  "  greaS6d’  minima' 

Where  in  the  case  of  the  horizontal  burette  it  is  found  difficult 
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to  control  delicately  the  end-point  emergence  it  will  be  found  of 
assistance  to  diminish  the  hydrostatic  pressure  by  sucking  water 
up  in  tube  F  (Fig.  13)  until  the  emerging  rate  with  fully  opened  tap 
is  going  rather  slowly.  A  marked  tendency  of  the  meniscus  to 
jump  several  divisions  may  be  removed  by  carefully  regreasing 


Fig.  17.  The  Rehberg  burette,  from  Pincussen’s  Mikromethodik  ( Thieme, 
Leipzig),  showing  attachment  for  bubbling  through  alkali. 

the  taps  with  the  least  amount  of  material.  If  this  does  not  re¬ 
move  the  excessive  jumping  the  delivery  tip  of  the  burette  should 
be  still  further  constricted. 

Precision  of  reading  meniscus.  It  is  of  practically  no  advantage 
to  read  the  meniscus  to  less  than  half  the  end-point  emergence 
but  it  is  of  advantage  in  the  most  accurate  work  to  read  it  at  least 
so  far.  This  will  mean  the  reading  of  the  50  ml.  and  2  ml.  ang 
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and  horizontal  burettes  to  0-2  of  a  division.  Most  frequently  it 
will  be  necessary  to  read  them  only  to  half  or  one  division. 

(c)  The  Rehberg  burette.  In  the  Rehberg  burette  the  titrat¬ 
ing  solution  is  on  the  top  of  a  mercury  column  controlled  at  the 
bottom  by  a  screw,  which  is  mercury  tight.  Pincussen’s  modifica¬ 
tion  (Pincussen,  1930)  of  this  burette  is  shown  in  Fig.  17.  In  this 
model  a  greater  ease  of  filling  is  secured  by  the  insertion  of  the 
two-way  tap.  With  tills  the  fluid  in  the  graduated  section  is  con¬ 
nected  with  the  delivery  capillary  or  with  the  filling  reservoir. 

The  graduated  section  consists  of  a  thick-walled  capillary  tube 
of  0T  ml.  capacity  between  the  terminal  graduations,  of  which 
there  are  altogether  100.  The  reading  of  the  mercury  may  be 
easily  made  to  0-25  of  a  c.mm.  by  means  of  a  lens.  The  delivery 
tube  bent  twice  at  right  angles  and  somewhat  finely  drawn  out  is 
of  similar  bore  to  the  graduated  section,  with  which  it  may  be 
connected  by  suitably  turning  the  tap.  Below  the  graduated 
section  the  tube  is  widened  and  fits  into  the  screw  and  plunger 
arrangement,  to  which  it  may  be  securely  fixed  by  metal  spirals 
as  in  diagram.  Before  use  the  screw  is  turned  so  that  the 
plunger  is  well  down  when  the  lovrer  section  is  filled  with  mercury 
and  attached  securely  to  the  upper  part. 

The  burette  is  fixed  to  a  stand  which  also  carries  an  adjustable 
holder  for  two  small  test-tubes  backed  by  a  window  of  milk  glass. 
The  apparatus  is  so  arranged  that  the  delivery  tube  of  the  burette 
enters  one  of  these  tubes  carrying  the  fluid  to  be  titrated  and 
passes  down  almost  to  the  end  of  this.  The  other  tube  is  used 
with  similar  fluid  volumes  and  indicator  and  buffered  to  the  exact 
end-point  required. 


The  stirring  arrangment  as  shown  in  Fig.  17  is  carried  out  by 
bubb  mg  air  through  the  titration  fluid,  the  air  pressure  being 
established  by  a  rubber  pump  such  as  is  used  in  ether  freezing 
and  controlled  by  a  screw  clip.  For  acidimetric  work  the  air  is 
passed  through  a  soda-lime  tube  and  then  through  a  glass  tube 
bent  at  right  angles  and  ending  rather  finely  at  the  tip 

Ttim\ After  fixing  the  **>  ^  the 

burette,  with  the  plunger  low  and  the  metal  spirals  in  position 
the  two-way  tap  is  turned  so  that  the  graduated  section  connects 
With  the  reservoir.  The  mercury  column  is  raised  by  “ 
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the  screw  until  it  just  appears  in  the  reservoir,  which  is  then  filled 
with  the  titrating  fluid.  The  mercury  is  now  lowered  and  the 
fluid  drawn  into  the  graduated  section,  after  which  the  tap  is 
adjusted,  so  that  the  fluid  in  burette  connects  with  the  delivery 
section  and  this  is  filled.  The  tap  is  turned  again  to  connect  with 
reservoir  and  the  mercury  lowered  to  a  little  below  the  zero  read¬ 
ing.  The  reservoir  is  then  shut  off  and  a  little  of  the  fluid  is  sent 
out  through  the  delivery  tube  on  carefully  turning  the  screw  until 
the  mercury  stands  at  the  zero  point.  Any  adhering  drop  is  re¬ 
moved  from  the  tip  of  the  delivery  tube  by  touching  with  filter 
paper.  The  test-tube  containing  the  solution  for  titration  with 
indicator  and  companion  tube  are  then  placed  in  position  as  in 
Fig.  17,  the  air  current  cautiously  started  and  the  titration  begun. 

The  use  of  the  Rehberg  burette  with  the  standard  ‘  unit  ’.  At  the 
end  of  the  absorption  period  the  fluid  in  the  central  chamber  is 
pipetted  into  the  titration  test-tube,  followed  by  two  washings  of 
distilled  water  of  about  0-5  ml.  each,  the  fluid  with  washings 
being  then  titrated. 

The  Kirk  burette.  (Sisco,  Cunningham  and  Kirk,  1941).  This 
is  a  modification  of  the  Rehberg  burette  (Fig.  16  IV).  The  mer¬ 
cury  is  separated  from  the  standard  solution  by  air.  The  burette 
has  a  capacity  of  0-1  ml.  and  the  readings  are  taken  from  a  scale 
behind  the  capillary  tube. 

Other  modifications  of  the  Rehberg  burette. 

Various  other  modifications  have  been  described  ;  e.g.  that  of 
Heatley  (1935;  1939)  with  the  mercury  displacement  carried  out 
by  means  of  a  levelling  tube  instead  of  a  screw,  and  the  standard 
solution  is  in  contact  with  paraffin  oil  ;■  the  burette  of  Scholander 
et  al  (1943)  in  which  a  micrometer  screw  is  used  with  a  spindle 
advancing  into  mercury.  In  the  burettes  of  Rosebury  and 
Heyningen  (1942)  and  of  Wyatt  (1944)  the  principle  of  the 
Rehberg  burette  and  that  of  the  micrometer  syringe  burette  are 

combined. 

The  Trevan  Micrometer  Syringe  Burette  (Hadfield  modification) 

This  has  already  been  described  under  pipettes  since  the  design 
could  serve  for  both  purposes.  The  following  description  is  of  the 
modification  designed  by  Hadfield  (Fig.  16  III).  As  the  piston 
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of  the  syringe  Hadfield  used  a  rod  ground  to  a  uniform  diametei 
throughout  its  length.  A  rod  0-500  cm.  in  diameter  has  a  volume 
of  0-499  ml.  for  a  one-inch  length  and  fits  a  precision  tubing  listed 
as  0-508  cm.  bore.  The  head  of  the  liquid  in  the  burette,  which  is 
an  important  factor  in  deciding  the  maximum  size  of  jet  and  the 
maximum  clearance  between  the  rod  and  the  tube  permissible, 
can  be  reduced  by  using  the  burette  horizontally  with  only  the  jet 
vertical.  In  a  similar  set-up  Wilson  uses  a  1  ml.  ‘  Vim  ’  tuberculin 
syringe  and  seals  a  length  of  capillary  tubing  to  the  needle  spigot, 
bent  at  right  angles  to  give  a  vertical  delivery  with  the  syringe 
held  horizontally. 

The  micrometer  is  held  by  a  vertical  plate  attached  to  a  heavy 
base.  The  manner  of  suspending  the  syringe  tubing,  with  adjust¬ 
ment  of  milled  nuts  and  screws  and  short  bored  cork  extending 
into  only  part  of  the  collar  appear  in  the  diagram.  The  attach¬ 
ment  of  the  micrometer  to  the  glass  rod  or  piston  (which  is  neces¬ 
sary)  is  secured  by  two  tight  helical  springs  carried  on  a  collar 
near  the  end  of  the  micrometer,  and  hooked  into  loops  in  a 
platinum  wire  ring  wound  in  a  circular  groove  cut  in  the  rod  near 
its  end. 

Each  division  on  the  head  corresponds  to  a  volume  of  0-0005  ml. 
V  ith  such  burettes  deliveries  of  0-5  ml.  are  reproducible  to  at 
least  3-5  parts  in  10,000. 

The  four  types  of  burette  compared. 

The  principles  of  accuracy  in  the  use  of  burettes  are  formally 
considered  in  Part  III,  and  below,  certain  details  are  given  con¬ 
cerning  the  accuracies  of  the  horizontal  and  Bang  burettes  in 
routine  working.  Here,  some  prominent  features  of  the  four  will 
be  briefly  considered,  and  the  reader  is  also  referred  to  a  summary 
of  these  burettes  made  by  Wilson  (1949). 

Such  burettes  are  to  be  considered  with  reference  both  to  con¬ 
venience  and  accuracy,  for  two  burettes  of  equal  working  accuracy, 
oi  which  achieve  equally  the  required  accuracy,  are  not  of  equal 
value  if  one  needs  more  attention  in  use. 

The  relatively  very  large  reserve  capacity  of  the  author’s 
burette  (combined  with  very  easy  filling  out  of  contact  with  the 
atmosphere)  and  amounting  ordinarily  to  over  1,000  deliveries  of 
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0-2  ml.  volumes,  may  be  claimed  as  an  advantage  over  the  other 
burettes.  Also  the  fact  that  the  fluid  delivered  has  been  in  con¬ 
tact  only  with  pyrex  glass  and  not  with  mercury  is  an  advantage 
over  the  Rehberg  burette  with  respect  to  the  kind  of  reagents  that 
may  be  conveniently  used. 

The  compactness  of  the  micrometer  syringe  burette  is  attractive 
but  the  micrometer  is  liable  to  damage  by  corrosive  agents  as 
noted  by  Wilson  (1949).  Also  it  is  somewhat  tedious  to  fill  en¬ 
tirely  air  free  (as  mentioned  in  Hadfield’s  description,  1942). 

Concerning  accuracy,  drainage  error  limits  the  use  of  the  Bang 
burette  to  about  the  2  ml.  capacity  level,  and,  for  accurate  work, 
it  is  altogether  excluded  for  deliveries  which  cannot  exceed  0-1- 
0-2  ml.  At  the  range  of  about  2  ml.  delivery  a  well  constructed 

burette  should  give  an  error  only  of  the  order  of  0*  1  %  (coefficient 

• 

of  variation)  when  working  carefully,  or  about  the  same  as  is  very 
easily  attainable  in  routine  work  with  the  Conway  burette  deliver¬ 
ing  about  0-2  ml.  from  a  graduated  capacity  of  0-25  ml.  (In  such 
titrations  it  is  assumed  that  the  end  point  is  perfectly  sharp, 
which  necessitates  working  above  a  certain  concentration  level). 
From  Krogh’s  data  with  his  syringe  pipette  this  is  also  about  the 
level  of  accuracy  that  may  be  expected  with  deliveries  of  the  order 
of  0- 1-0-2  ml.  from  the  micrometer  syringe  pipette,  unless  special 
care  is  taken  and  apart  from  the  other  burette  errors  mentioned 
below. 

As  discussed  in  Part  III  the  working  accuracy  of  a  burette 
depends  on  its  manipulation  and  delivery  errors  (assuming 
uniformity  of  bore  or  of  piston  diameter,  or  alternatively,  exact 
calibration).  Under  the  term  manipulation  is  included  the  reading 
error  and  that  of  the  end  point  emergence.  The  pure  delivery 
error  depends  on  the  varying  amount  of  fluid  left  on  the  tube  wall, 
and  can  be  practically  eliminated  to  any  desired  degree  by  slowing 
the  delivery  rate.  Such  delivery  error  does  not  appear  in  the  use 
of  the  micrometer  syringe  burette,  which  would  have  the  advan¬ 
tage  of  a  more  rapid  delivery  on  a  similar  accuracy  level.  Reading 
and  end  point  emergence  errors  would  be  common  to  all  three,  and 
are  present  or  could  be  minimised  to  a  similar  degree  depending  on 
the  attention  given  thereto. 

The  end-point  emergence  error  can  be  lessened  m  all  four  by 
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contact  of  a  fine  delivery  tip  with  the  titration  fluid.  It  is  not 
altogether  eliminated  when  we  consider  that  the  end  point  is 
either  being  approached  at  some  rate  which  may  slightly  over¬ 
shoot  it,  or  there  is  added  a  little  extra  fluid  by  turning  a  tap  or  a 
screw  some  small  distance.  The  average  of  such  minimal  additions 
will  produce  the  error  of  the  end-point-emergence,  and  to  this  will 
add  in  a  statistical  manner— as  later  discussed— the  reading 


error. 

It  may  be  concluded  that  the  total  relative  error  with  all  four 
burettes,  working  at  their  appropriate  levels,  could  be  reduced 
towards  a  similar  vanishing  degree  of  error,  depending  on  the 
attention  given,  but  perhaps  with  a  greater  working  speed  on 
the  highest  accuracy  levels  using  the  micrometer  syringe  burette. 
Where,  however,  accuracies  of  0-1%  (coefficient  of  variation)  are 
considered  sufficient  in  serial  titrations  the  micrometer  syringe 
burette  has  no  longer  such  advantage. 

In  the  following  section,  a  brief  account  is  given  of  the  errors 
involved  in  the  routine  use  of  the  Conway  and  the  Bang  burettes. 
(The  subject  is  more  fully  dealt  with  in  Part  III.) 

The  variable  error  in  titrating  1  ml.  of  standard  sulphuric  acid 
with  the  Conway  compared  with  that  for  the  2  ml.  Bang  burette. 
By  variable  error  is  here  meant  either  the  standard  deviation  or 
the  coefficient  of  variation  of  the  single  titration  with  respect  to 
the  mean  of  a  large  number  (these  terms  are  defined  in  Chapter 
XXXVI,  Part  III).  The  error  of  pipetting  out  the  1  ml.  acid  will 
not  be  taken  into  account,  the  burette  error  being  alone  considered. 


This  may  be  increased  or  diminished  to  a  considerable  extent 
according  to  the  degree  of  care  and  time  expended  on  the  titration. 
We  shall  consider  what  may  be  taken  as  typical  results  of  careful 
working  in  which  the  end-point  emergence  of  the  two  burettes  is 
4-0  c.mm.  and  0-5  c.mm.  respectively.  (With  badly  made  burettes 
such  emergences  may  not  be  obtainable.) 

We  shall  suppose  that  the  reading  is  brought  to  0-2  of  a  final 
division,  and  that  the  delivery  error  of  each  burette  is  the  same 
namely  0*12%,  as  a  coefficient  of  variation. 

The  sulphuric  acid  for  titration  is  taken  as  similar  to  that  used 
m  the  ammonia  determinations  subsequently  described  and  con¬ 
tains  0-0012%  methyl  red  and  0-0002%  methylene  blue  with  20% 
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alcohol  ;  and  that  the  volumes  delivered  from  each  burette  are 
always  2  0  ml.  and  0-2  ml.  respectively. 

From  such  data  the  curves  in  Fig.  18  are  constructed  and  are 
in  accord  with  the  experimental  findings,  but  for  a  fuller  under¬ 
standing  of  their  nature  Part  III  must  be  consulted.  (The 
indicator  could  be  used  in  lesser  concentration  and  0-0008% 
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Fig  18  Curves  of  variable  error  in  titrating  1  ml.  hydrochloric  acid 
with  barium  hydroxide  solution  (or  carbon  dioxide  free  alkali),  using 
0-2  ml.  from  a  Conway  burette  (Curve  A )  and  2-0  ml.  from  a  Bang  burette 

^Curves^C  and  D  give  the  corresponding  variable  error  in  millimols  of 
alkali  (reckoned  as  KOH). 


methyl  red  is  found  suitable  for  blood  ammonia  titrations,  and 

even  lesser  concentrations  are  workable.) 

Two  sets  of  curves  are  given  in  the  figure,  one  group  (A,  B)  re¬ 
presenting  coefficients  of  variation,  and  the  other  ( C ,  D)  the  vari¬ 
able  error  in  millimols.  Each  group  of  curves  shows  two  definite 
regions  and  an  intermediate  section.  With  A  and  B,  to  the  rig  t 
we  have  pure  glass  error  which  when  expressed  as  coefficients  of 
variation  (0-14%  for  each  burette)  is  independent  of  the  quantity 
of  acid  titrated  until  this  falls  to  about  10—,  and  towards  the 
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left  we  have  a  region  of  pure  chemical  error,  which  is  inversely 
proportional  to  the  quantity  titrated  and  directly  proportional  to 
the  end-point  volume.  This  variable  chemical  error  which 
dominates  at  the  lowest  acid  levels  for  titration,  arises  from  the 
indefinite  nature  of  the  end-point  change  as  the  alkaline  strength 

decreases. 

The  variable  error  of  titrating  1  ml.  of  0  0002  N  strong 
acid  illustrating  the  minimum  variable  error  of  acidimetric 
titration.  The  object  of  determining  this  error  is  to  ascertain  the 
least  amount  of  alkali  or  acid  which  can  be  discriminated  in 
practice  by  titrating  1  ml.  with  the  burette.  If  we  consider  the 
titration  of  1  ml.  of  NJ 10  acid  delivered,  for  example,  from  a  1  ml. 
simple  pyrex  pipette  (drawn  out  tube,  length  17-5  cm.),  the 
standard  deviation  with  the  horizontal  burette  is  usually  25  x  10~5 
millimols.  Using  Nj  100  fluids  the  standard  deviation  in  milli- 
mols  is  ten  times  less,  and  further  reduction  in  the  strength  of  the 
fluids  will  progressively  reduce  the  standard  deviation  expressed 
in  absolute  units.  We  reach  a  point,  however,  when  the  standard 
deviation  so  expressed  becomes  constant.  This  limit  of  standard 
deviation  sets  the  limit  of  our  discrimination  and  is  proportional 
to  the  total  buffering  powder  of  the  fluid  at  the  end-point  multiplied 
by  the  indiscernible  range  of  the  pH  figure. 

The  limit  for  1  ml.  titration  is  reached  for  the  Conway  burette 
when  the  quantity  of  acid  titrated  is  in  the  region  of  10~3-5  milli- 
mol  (as  shown  in  Fig.  18). 

For  titrations  in  atmospheric  air  it  is  not  possible  to  diminish 
this  figure  appreciably  for  the  above  volume  by  titrating  closer 
to  a  pH  of  7-0,  for  any  diminution  of  the  buffering  power  of  the 
water  secured  thereby  is  more  than  counterbalanced  by  the 
rapidly  increasing  buffering  power  of  the  carbon  dioxide  of  the 
air  as  well  as  by  the  instability  of  the  end-point. 

The  carbon  dioxide  of  the  air  will  be  in  equilibrium  with  dis- 
stilled  water  of  approximately  5-6  pH,  so  that  the  methyl  red 
indicator  has  the  great  advantage  that  its  point  of  maximum 
sensitivity  lies  in  the  same  region. 

In  a  carbon  dioxide  free  atmosphere,  and  titrating  0-7  ml.  acid 
to  a  pH  of  7-0  with  the  above  glass  ware  and  similar  fluids  and 
volumes,  it  is  possible  to  decrease  the  standard  deviation  from 
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1*1  x  10-6  to  about  0-3  x  10~6  millimol  KOH,  provided  we  sub¬ 
stitute  for  the  indicator  mixture  one  equally  sensitive  at  a  pH  of 
7-0  and  provided  also  the  alkali  is  perfectly  carbon  dioxide 
free. 

General  uses  of  the  Conway  burette.  Besides  its  use  in 
determinations  with  the  standard  ‘  units  ’  the  burette,  as  already 
mentioned,  may  be  employed  with  advantage  in  general  micro  - 
titrations.  It  can  be  used  to  give — and  that  quite  easily — 
accuracies  of  the  same  order  as  when  10-0  to  15-0  ml.  are  titrated 
from  the  50  ml.  burette,  with  coefficients  of  variation  of  0-16  to 
0-11%.  Accuracies  of  a  higher  order  than  this  can  be  obtained — 
as  considered  in  Part  III. 

The  long  delivery  tube  is  of  advantage  in  titrating  into  small 
tubes,  centrifugal  beakers,  etc. 

It  has  been  used  here,  for  example,  in  the  thiosulphate  titra¬ 
tions  of  the  Hagedorn- Jensen  micro -glucose  determinations  in 
blood,  using  A/ 20  thiosulphate  instead  of  A/200,  having  there¬ 
fore  the  advantage  of  greater  permanence  in  the  titrating  fluid. 
Florkin  and  Bosson  (1939)  have  used  it  with  A/200  thiosulphate 
when  titrating  minute  amounts  of  iodine  in  about  1-5  ml.  fluid 
—the  final  stage  of  their  procedure  for  determining  glucose 
(2-5-30  /jig)  in  small  amounts  of  blood. 

It  has  also  been  found  advantageous  in  micro -permanganate 
titrations  of  calcium  oxalate,  and  with  such,  an  automatic  stirrer 
may  be  conveniently  set  up  by  fixing  a  capillary  tube  connected 
with  an  air  blower  along  the  delivery  tip.  The  burette,  by  inter¬ 
changing  the  graduated  tube  with  others  of  different  bore,  can 
be  converted  into  one  serving  wide  ranges  of  delivery.  Such 
interchange  with  a  finer  bored  tube  has  been  used  in  deal¬ 
ing  with  volumes  of  the  order  of  20  c.mm.  as  described  in  a  later 

chapter. 

Levvy  (1945)  has  investigated  the  use  of  wider  bored  tubes  than 
those  ordinarily  used  with  the  burette.  He  finds  that  the  men¬ 
iscus  of  a  horizontal  column  of  water  remains  vertical  in  clean 
fflass  tubing  of  2-5  mm.  internal  diameter.  With  tubing  of 
3-5  mm.  internal  diameter  the  meniscus  is  at  an  angle  of  about  45°. 
For  a  vertical  meniscus  the  bore  diameter  should  not  exceed  3  mm. 
With  the  2-5  mm.  tube  in  place,  the  burette  was  found,  in  a  series 
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of  twenty-six  deliveries,  to  deliver  1  ml.  water  with  a  coefficient 
of  variation  of  0-105%,  the  meniscus  moving  at  1  cm./sec.  With 
the  Bang  burette,  for  similar  rate  of  flow,  the  coefficient  of  varia¬ 
tion  is  approximately  0-14%. 

Levvy  (1943)  has  also  found  the  burette  of  advantage  in  the 
iodometric  micro-determination  of  arsenic  in  biological  material. 
He  uses  a  ground-glass  joint  in  place  of  the  rubber  stopper,  and  if 
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19-  Modified  Conway  burette  as  designed  by  Ramsay  for 
l  ating  with  titanous  sulphate.  A,  pressure -regulating  vessel.  B  C 
f  ’  fn®.nd  H’  stoP-cocks.  E,  the  burette,  standard  bore  capillary  tubing 

^  250 Zl'  ST  A  *?•  Cm-  ^°;05  mL  F-  Ti’  rese™oir,  capacity 

38,  467?  1944.)  ’  g°  titratmn  flask.  (From  the  Biochem.  J  , 


the  reservoir  is  shielded  from  light  there  is  little  change  in  the 

A  /,200  h  over  intervals  oi  weeks.  He  likewise  finds  the  burette  of 
value  in  the  determination  of  glucuronic  acid  (private  communica- 

,  1  tf,final  proeedure  turning  on  a  cerium  sulphate  titration  of 

reduced  ferricyamde,  with  Setopalin  C  or  Lissamine  Green  as 
indicator. 


A  modification  of  the  burette  (Fig.  19)  has  been  employed  for 
itrating  wr  h  titanous  sulphate  in  the  micro-determination  of  iron 
lological  material  by  Ramsay  (1944).  The  organic  matter  is 
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Fig.  19a.  Modification  designed  by  McFarlane  for  titrating  with 
titanium  solutions.  The  burette  is  constructed  of  soft  glass  and 
mounted  on  a  3-ply  board  (87  x  48  cm.).  Capillary  tubing  of  approxi¬ 
mately  1  mm.  bore  is  used  for  the  section,  /,  e.  The  burette  proper  is 
67  mm.  long  and  is  backed  by  a  strip  of  graph  paper.  At  the  left  it  is 
connected  by  pressure  tubing  to  a  small  mercury  reservoir  (2x5  cm.),  d, 
and  at  the  right  end  by  a  ground-glass  joint  to  a  three-way  stopcock,  e. 

The  mercury  reservoir,  d,  is  adjustable  to  a  height  of  3  cm.  above  and 
below  the  level  of  tube  /  by  means  of  the  rack  and  pinion,  g.  A  second 
ground-glass  joint  connects  the  burette  to  the  reagent  storage  vessel,  a, 
of  200  c.c.  capacity,  joined  to  a  levelling  bulb  as  shown.  The  storage 
flask  is  painted  with  two  coats  of  black  enamel  and  set  into  the 
board  by  cutting  out  a  strip.  The  delivery  tube,  supported  by  a 
bracket  (13  x  13  cm.),  is  drawn  out  to  a  fine  capillary,  the  tip  of 
which  has  a  clearance  of  16  cm.  from  the  base  board  (28  x87  cm.) 
(from  Industrial  and  Engineering  Chemistry,  Anal.  Ed.,  \  ol.  8, 
p.  125). 

destroyed  by  heating  with  H2S04,  HC103,  and  HN03  in  a  small 
pyrex  flask  (10-12  ml.  capacity,  internal  neck  diameter  8  mm., 
over-all  length  80-90  mm.).  The  digest  is  diluted  and  titrated 
with  standard  Ti2(S04)3  under  hydrogen.  KCNS  is  used  as 

indicator,  and  C02  for  stirring  (see  Fig.  19). 

(In  a  private  communication  Dr.  Ramsay  states  that  he  now 
uses  the  unmodified  burette  for  such  titrations,  the  hydrogen 
supply  being  connected  with  the  reservoir.)  # 

In  Fig.  19a  is  also  shown  the  modification  previously  designed 
by  McFarlane  (1936)  for  titration  with  titanium  chloride.  In  this 
the  fluid  is  expelled  by  a  mercury  column. 
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Its  use  as  a  submicro -analytical  pipette. 

The  burette  may  be  also  used  as  a  fine  analytical  pipette  not 
only  in  the  direct  delivery  of  standard  solutions,  but  also  in  the 
measurement  and  delivery  of  small  volumes  of  fluid  for  analysis. 
This  depends  on  the  fact  that  when  the  water  level  in  the  side  tube 
is  above  a  certain  mark  a  suction  through  the  delivery  tube  of 
the  burette  will  be  produced  on  opening  the  tap.  Using  fine  bored 
graduated  tubing,  quantities  of  fluid  of  the  order  of  10  c.mm. 
can  be  taken  up,  very  accurately  measured,  and  again  discharged 
followed  by  an  equal  volume  of  water  or  of  dilute  acid  or  alkali 
(if  such  be  used  in  the  burette  and  do  not  interfere  with  the 
required  analyses).  An  equal  volume  of  discharge  suffices  to 
deliver  the  full  amount  of  the  fluid  sucked  in.  Such  use  of  the 
burette  is  referred  to  again  in  ‘  drop  scale  ’  analyses. 


CHAPTER  VII 


THE  MICRODIFFUSION  METHOD  WITH  END-POINT 
VOLUMES  AROUND  20  CUBIC  MILLIMETRES 

The  use  of  the  method  for  such  small  end  volumes  and  those  of  a 
similar  order  in  the  outer  chamber,  will  rarely  arise,  and  only  for 
special  conditions.  It  is  obvious  that  the  standard  ‘  unit  ’  can  be 
scaled  down  to  any  desirable  level  for  use  with  capillary  pipettes 
and  narrower  gauge  burettes  than  those  already  described.  With 
regard  to  absorption  times,  from  consideration  of  the  principles 
in  Chapter  III,  and  keeping  the  fluid  depths  at  about  1  mm.  and 
the  surfaces  of  the  glass  chamber  covered,  the  necessary  absorp¬ 
tion  time  on  scaling  down  approaches  the  limit  for  clearance  from 
the  outer  liquid  by  diffusion.  This  is  19  minutes  at  room  tem¬ 
perature  and  about  12  minutes  at  38°  C.  Reducing  the  depth  to 
0-5  mm.,  a  possible  5  minutes  total  absorption  time  could  be 
obtained  at  room  temperature. 

The  following  gives  an  account  of  the  procedure  developed 
from  a  study  of  determinations  of  0-07  fig  NH 3-N  in  20  c.mm. 
fluid.  The  series  showed  a  coefficient  of  variation  of  approxi¬ 
mately  1%,  or  a  probable  error  of  0-0005  mg.  of  NH3-A  (such 
experiments  were  carried  out  in  the  author’s  laboratory  by  Dr.  E. 
O’Malley).  Special  attention  in  these  analyses  was  not  directed 
to  the  reduction  of  absorption  times  to  their  possible  limit,  but 
they  were  complete  in  less  than  30  minutes.  It  is  considered  also 
that  greater  accuracies  are  obtainable  without  undue  difficulty. 

Pipetting  volumes  of  the  order  of  10  c.mm. 

The  standard  acid.  To  the  horizontal  burette  as  described  in 
Chapter  VI  is  fitted  a  graduated  tube  of  approximately  0-36  mm. 
internal  bore,  and  marked  in  a  similar  way  in  large  and  small  divi¬ 
sions.  Each  large  division  on  this  tube  is  equivalent  to  approxi¬ 
mately  1  c.mm.  The  delivery  tube  of  the  burette  is  drawn  out  to  a 
finer  tip  than  that  usually  supplied.  The  burette  is  filled  with  the 
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standard  acid.  To  find  the  variable  error  of  delivery  a  series  of  de¬ 
liveries  was  made  into  a  small  weighing  bottle  made  from  tubing 
0-5  cm.  diameter  and  fitted  with  a  glass  stopper.  The  coefficient 
of  variation  of  the  weighed  deliveries  was  0’S°/o  (using  a  micro- 
balance  of  the  Kuhlmann  type)  but  the  actual  coefficient  was 
probably  somewhat  under  this  value.  This  figure  of  0*3%  is  equiv- 


alent  to  a  probable  error  of  0-00002  ml.  or  the  same  as  that  given 
by  Krogh  and  Keys  for  their  precision  syringe  pipette. 

The  standard  acid  used  was  N/ 1000  HCl  containing  1-32  ml 
Of  0-!%  methyl  red  and  0-66  ml.  of  0-1%  bromocresol  blue  per 
100  ml.  1 0  c.mrn.  of  this  are  delivered  on  to  one  side  of  the  trench 
m  the  m.croddfusion  apparatus  constructed  out  of  solid  paraffin 

The  sample  for  analysis.  The  same  burette  may  then  be  used 
or  ^taking  up  the  sample  for  analysis  which  is  presumed  to  be  of 
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the  order  of  10  c.mm.  for  each  determination.  Prior  to  the  taking 
up  of  the  sample  the  graduated  tube  is  emptied  at  a  rate  of 
10  secs,  per  large  division.  The  level  of  fluid  in  the  side  tube  is 
then  raised  so  that  a  suction  pressure  is  developed.  The  tip 
of  the  burette  is  wiped  clean  of  external  fluid  and  immersed 
in  the  sample,  and  the  required  amount  sucked  in.  The  tip 
is  again  wiped  and  twice  the  fluid  volume  delivered.  (Before 
sampling,  therefore,  the  meniscus  may  be  suitably  about  mid¬ 
way  along  the  graduated  tube.)  The  delivery  is  made  on  the 
other  side  of  the  trench  in  the  microdiffusion  apparatus  (Fig. 
20). 

A  small  droplet  (about  10  to  20  c.mm.)  of  saturated  potassium 
carbonate  or  metaborate  is  delivered  from  a  simple  straight  tube 
pipette  (the  exact  volume  is  not  important)  close  to  the  drop  from 
the  burette  containing  the  sample  for  analysis,  and  the  ‘  unit  ’ 
closed  with  a  small  glass  lid.  By  tapping  the  apparatus  the  two 
drops  in  the  one  chamber  are  made  to  coalesce  and  the  ‘  unit  ’  is 
then  left  aside  for  30  minutes. 

The  microdiffusion  apparatus.  When  carrying  out  such  drop 
scale  analyses,  small  microdiffusion  £  units  ’  can  be  constructed 
out  of  paraffin  wax.  The  kind  of  apparatus  is  shown  in  Fig.  20, 
the  order  of  size  being  evident  from  its  appearance  on  the  burette 
stand.  Across  the  centre  of  the  microdiffusion  ‘  unit  ’  runs  a  line 
or  small  trench,  made  with  a  penknife  or  pin,  and  dividing  the 
floor  of  the  ‘  unit  ’  in  two.  The  ‘  unit  ’  is  covered  during  the 
determinations  by  an  ordinary  microscope  cover-glass,  on  which 
a  little  fixative,  to  make  it  air-tight,  is  smeared. 

Titration.  After  30  minutes  the  lid  is  removed  and  the  acid 
titrated  with  A/500  Ba(OH)2  from  a  second  burette  prepared  like 
the  first. 

The  arrangement  shown  in  Fig.  20  may  be  used  for  stirring. 
In  this  a  long  uniform  pyrex  glass  rod  drawn  out  to  a  point  is 
fixed  in  an  electrical  stirring  apparatus  and  kept  rotated.  Other 
forms  of  stirring  are  likewise  applicable,  such  as  that  of  Wiggles- 
worth,  in  which  a  jet  of  air  is  arranged  to  impinge  on  the  side  of 
the  drop  or  the  ‘  electromagnetic  flea  ’  of  Linderstrom-Lang  and 
Holter  (1931)  described  in  the  following  Section. 

With  such  technique  determinations  of  0-07  m  NH3-iY  have 


‘DROP  SCALE’  METHODS 


been  carried  out.  Of  20  such  determinations  19  showed  an  error 
range  of  from  0-2%,  the  coefficient  of  variation  for  the  20  being 


Kirk’s  procedure.  Kirk’s  procedure  is  illustrated  later  with  his 
very  delicate  total  nitrogen  determinations  of  1-10  NH.-N, 
conducted  with  errors  less  than  1%  (s.d.=0-3%). 

Technique  of  Linderstrom-Lang  and  Holter  (1931,  1933).  The 
method  adopted  by  Linderstrdm-Lang  and  Holter  for  ammonia 
absorptions  and  titrations  (1933),  and  appearing  shortly  after  the 
description  of  the  standard  microdiffusion  apparatus  or  ‘  unit  ’, 
indicates  the  lines  on  which  the  principle  may  be  applied  in  a 
different  way  to  drop  scale  determinations.  The  method  adopted 
by  them  for  the  absorption  is  of  an  ingenious  kind  but  not  ideal, 
since  they  required  5  hours  for  the  full  absorption  even  at  40°, 
arising  from  the  stratum  depth  below  the  diffusing  surface.  Their 
‘  micro-distillation  ’  arrangement  is  of  the  following  kind.  At  the 
bottom  of  a  small  tube  (25/3-8  mm.,  6  mm.  outer  diameter)  lined 
with  paraffin  is  placed  a  drop  of  fluid  for  analysis  (about  14  c.mm.). 
Into  the  tube,  held  horizontally,  is  then  introduced  approximately 
7  c.mm.  of  2 N  NaOH  about  5  mm.  above  the  bottom  of  tube,  and 
35  c.mm.  of  water  about  5  mm.  from  the  top.  On  slanting  the 
tube  the  drops  are  run  together,  the  water  drop  preventing  the 
escape  of  ammonia,  until  7  c.mm.  of  hydrochloric  acid  is  intro¬ 
duced  towards  the  upper  part  of  tube.  The  tube  is  then  ready  for 
the  ammonia  diffusion  and  equipped  with  a  cap  as  in  Fig.  21,  C, 
being  introduced  into  its  holder  in  a  thermostat  at  40°  C.  After 
about  five  hours  the  absorption  is  complete  and  the  acid  is 
titrated  with  N/ 10  NaOH  or  N/ 100  borate  from  a  burette  on  the 
Rehberg  principle  (with  Widmark  and  0rskov’s  modification, 
1928),  to  a  pH  of  5-9,  the  end-point  being  judged  by  the  presence 
of  a  companion  tube  as  in  Fig.  21,  E,  with  acid  containing  the 

indicator,  buffered  with  phosphate  at  5-9  and  introduced  in  a 
similar  way. 


In  the  above  procedure  it  is  necessary  that  both  the  alka- 
linised  fluid  and  the  titrating  fluid  be  stirred,  and  an  interesting 
procedure  has  been  used  for  the  purpose.  The  stirrers  (‘electro 
magnetic  fleas  )  consist  of  small  capillary  tubes  (1-1-5  mm.  long) 
filled  with  Ferrum  Redactum  and  fused  to  form  small  pear-shaped 
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bodies.  One  of  these  is  introduced  (after  testing)  into  the  fluid  and 
moved  by  a  magnet  (A,  Fig.  21)  externally  placed,  the  magnet 
cm  lent  being  broken  periodically  by  a  metronome  arrangement. 

The  stiners  are  tested  after  making  by  boiling  in  dilute 
nitric  acid,  and  subsequently  testing  this  with  potassium  thio¬ 
cyanate. 


In  the  above  procedure  it  will  be  seen  that  the  fluid  volume  at 
the  bottom  of  the  tube  is  altogether  about  56  c.mm,  giving  with 
an  internal  diameter  of  less  than  3-8  mm.  (some  of  the  3-8  mm. 
diameter  being  taken  up  by  the  paraffin  lining)  a  depth  of  about 
5  mm.  From  the  principles  of  Chapter  IV  this  should  give  from 
the  equation 

t  =  1230a2 


307  minutes  or  5  hours  which  corresponds  to  the  time  allotted  by 
Linderstrdm-Lang  and  Holter.  With  respect  to  the  exclusion  of 
atmospheric  carbon  dioxide  and  the  use  of  bromocresol  purple,  this 
is  unnecessary  for  the  kind  of  titrations  used.  As  shown  in  Fig. 
18,  the  glass  error  on  titrating  with  methyl  red  with  full  exposure 
to  carbon  dioxide  begins  to  be  affected  by  the  variable  chemical 
error  only  in  the  region  of  iV/1000.  The  constant  error  of  the 
titration  to  a  pH  of  5-5  need  be  of  no  consequence  in  itself,  the 
ammonia  absorbed  being  determined  by  a  subtraction  of  two 
titrations  to  the  same  end-point.  The  variable  error  in  judging 
the  end-point  colour  may  be  of  importance,  and  is  reflected  in 
variations  of  titrating  alkali  related  to  the  total  buffering  of  hydro¬ 
gen  ion,  of  indicator  and  atmospheric  carbon  dioxide  at  the  end¬ 
point.  This  is  fully  discussed  in  Part  III.  (In  a  recent  paper  by 
Brtiel,  Holter,  Linderstrom-Lang  and  Rositz  (1946),  it  would 
appear  that  the  set  up  above  described  has  been  altered  so  that 
the  ammonia  diffuses  from  only  about  one-half  the  fluid  volume 
and  the  time  would  be  reduced  about  one-fourth.  This  corres¬ 
ponds  approximately  to  the  time  now  given  approximately  1-5 
hours.  Also  bromocresol  green  is  used  as  the  indicator  instead 
of  bromocresol  purple.  After  the  absorption  into  acid  18  c.mm. 
Mf 150  Na2  HP04  with  indicator  is  added,  and  M/ 100  HC1  is  used 
to  titrate  to  a  pH  of  4-6,  comparison  being  made  with  a  standard. 
Some  criticism  of  this  whole  procedure  is  given  later  when  con¬ 
sidering  nitrogen  determination). 


merit  from  Linderstrom-Lang^nd  Holter'Iz  t‘t;ratiori  arrange- 

The  magnet  A  is  used  to  move  the  stirrer  mth°  \  lem:*  5^‘ 
upper  portion  of  tube  D.  Vide  text  m  the  droP  of  acid  in  the 
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Pipettes  used.  The  kind  of  pipette  used  by  Linderstrpm-Lang 
and  Holter  (1931)  for  introducing  small  drops  into  the  tubes 
already  described,  is  shown  in  Fig.  22.  The  pipette  itself  (A)  is 
a  capillary  tube  drawn  out  to  a  fine  tip  with  a  slight  bend  at  the 
end,  which  serves  the  purpose  of  delivery  against  a  wall  surface 
without  fear  of  contact  by  the  bod}-  of  the  pipette.  The  pipette, 
the  end  of  which  dips  into  the  fluid  for  analysis,  is  filled  somewhat 
above  the  mark  by  sucking  through  tube,  the  clip  being  then  re¬ 
placed.  The  meniscus  falls  slowly  and  is  observed  by  the  reading 


microscope  at  side  ( B )  ;  when  the  meniscus  has  exactly  reached 
the  mark  the  support  of  the  supply  tube  is  suddenly  lowered  by 
twisting  on  its  screw  and  the  fluid  is  then  held  in  the  pipette  by 
capillary  forces.  The  contents  of  the  pipette  are  ejected  by  the 
arrangement  shown  in  Fig.  22,  the  tap  being  opened  and  a  pres¬ 
sure  of  about  20  cm.  water  allowed  to  expel  the  drop,  within  about 
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5  seconds.  Such  pipettes  may  be  standardised  on  a  micro-balance, 
but  the  wall  fluid  should  be  allowed  for,  and  this  may  be  done  by 
the  formula  in  Chapter  V. 

Alternatively  they  could  be  standardised  by  a  titration  pro¬ 
cedure,  in  which  a  delivery  of  N  HC1  is  titrated  with  N/ 100  or 
iV/200  alkali,  from  a  micro-burette  of  an  ordinary  type. 

The  burette.  The  burette  used  is  of  the  Rehberg  type  with  the 
modification  of  Widmark  and  0rskov  (1928),  in  which  the  volume 
of  fluid  expelled  is  measured  by  the  amount  of  turn  of  the  screwr, 
which  is  graduated  for  this  purpose. 

While  in  press  a  copy  of  a  valuable  work  on  ‘  Quantitative 
Ultramicroanalysis  ’  by  P.  Kirk  (Wiley,  Newr  York)  was  received, 
and  the  author  regrets  he  cannot  make  further  reference  to  it  here. 


CHAPTER  V  Ill 


COLORIMETRY  IN  THE  MICRODIFFUSION  METHODS 

The  colorimetric  methods  (for  minute  halogen  concentrations) 
described  in  Part  II  may  be  suitably  modified  for  any  kind  of 
accurate  micro-colorimetric  technique  in  which  volumes  down  to 
about  1  ml.  are  dealt  with.  It  has  been  found,  however,  most 
suitable  to  use  the  spectrophotometric  procedure. 

This  has  also  been  employed  by  Borsook  (1935)  in  the  deter¬ 
mination  of  minute  amounts  of  ammonia  and  total  nitrogen, 
using  an  absorbing  ‘  unit  ’  similar  to  that  described  in  Chapter  II, 
and  developing  the  colour  with  the  Berthelot  reaction. 

Crismer  ( 1 937)  has  likewise  used  this  reaction — which  he  has  modi¬ 
fied  by  the  use  of  chloramine — with  the  ammonia  absorbed  in  the 
central  chamber  of  the  standard  ‘  unit  ’  (No.  1),  the  Pulfrich  photo¬ 
meter  being  used  for  measuring  the  colour  -produced.  Crismer 
determined  3-50 fig  NH3  -  N  in  this  manner  to  within  1-3%  error. 

Russell  (1945)  has  recently  improved  the  Berthelot  reaction  in 
depth  of  colour  and  stability  by  dissolving  the  phenol  in  much 
weaker  alkali  and  using  manganous  ions  to  catalyse  the  colour 
development.  She  uses  it  likewise  in  conjunction  with  the  micro¬ 
diffusion  technique,  determining  the  depth  of  colour  by  a  photo¬ 
electric  colorimeter. 

In  this  chapter  it  is  proposed  to  review  briefly  the  principles 
of  such  colorimetry  and  spectrophotometry  as  has  been  found  use¬ 
ful  in  the  analytical  procedures  following  microdiffusions. 

Principles  of  colorimetry,  including  spectrophotometry.  In  all 
the  simpler  colorimetric  methods  of  analysis  the  concentration  of 
a  coloured  substance  in  solution  is  determined  by  comparing  the 
depth  with  that  of  a  known  concentration  of  the  substance  which 
gives  to  the  eye  the  same  colour  intensity.  The  instrument  or 
colorimeter  in  which  this  comparison  is  made  is  now  most  gener¬ 
ally  constructed  on  the  Dubose  principle,  illustrated  in  Fig.  23. 
In  this  two  cylindrical  vessels  contain  the  solutions  for  comparison 
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and  have  the  under  surface  of  plane  glass.  Through  variation  in 
the  depths  of  the  cylindrical  glass  plungers  P  and  P1  the  positions 
of  which  are  indicated  by  a  scale  at  the  back  the  light  reflected 
from  a  mirror  is  made  to  pass  through  different  strata  of  the 
coloured  fluids.  Passing  up  through  the  plungers,  this  light  enters 
the  prisms  p  and  px,  thence  through  a  lens  system  into  the  eye  of 
the  observer,  who  sees  the  light  from  each 
coloured  stratum  as  a  corresponding  half 
of  a  circular  field  of  vision.  On  varying  the 
position  of  the  plungers  a  series  of  matches 
can  be  made  in  which  both  halves  of  the 
field  of  vision  appear  of  equal  intensity. 

In  any  such  match  we  may  suppose  that 
the  light  on  each  side  has  passed  through 
the  same  number  of  molecules  of  the  col¬ 
oured  substance.  Then,  if  the  layer  of  the 
unknown  concentration  is  10  mm.  and  that 
of  the  known  20  mm.,  it  may  be  assumed 
that  the  concentration  in  the  solution  for 
analysis  is  twice  that  of  the  standard  solu¬ 
tion,  or  generalising, 

c  dx  c,P 

cx  d  d  /  / 

/  / 

in  which  c  is  the  concentration  of  the  ob¬ 
served  solution  and  Cx  that  of  the  Standard,  principle  of  the  Dubose 
d  and  d  being  the  corresponding  stratum 
depths  giving  equal  light  intensities.  Thieme,  Leipzig). 

Actually  in  the  above  equation  we  make  four  different  assump¬ 
tions,  at  least  three  of  which  need  not  necessarily  be  true.  It  is 
supposed  : 

(1)  That  the  absorption  of  light  per  unit  distance  through  a 
stratum  of  uniform  concentration  and  temperature  is  propor¬ 
tional  to  the  light  intensity  at  any  level  of  the  stratum.  The 
truth  of  such  an  assumption  is  expressed  as  Lambert’s  law  If  it 
were  incorrect  the  ratio  of  the  strata  giving  equal  light  intensity 
would  not  be  as  2  :  1,  with  a  concentration  ratio  of  1  :  2 

(-)  It  is  assumed  that  the  absorption  of  light  through  any 
stratum  is  proportional  to  the  concentration  of  the  absorbing  or 
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coloured  substance.  The  truth  of  this  assumption  is  expressed  as 
Beers  law,  or  both  (1)  and  (2)  may  be  grouped  together  as  the 
Lambert-Beer  law. 

It  not  unfrequently  happens  that 
Beer’s  law  does  not  hold  strictly,  and 
occasionally  the  deviation  therefrom 
is  gross. 

(3)  It  is  supposed  that  the  coloured 
substance  is  the  only  substance  dis¬ 
solved  in  exactly  similar  solvent  in  both 
solutions,  or  that  any  extra  material 
does  not  affect  the  optical  properties 
of  the  coloured  substance  or  sol¬ 
vent.  This  is  seldom  strictly  fulfilled, 
but  often  sufficiently  for  the  most 
accurate  analysis.  Gross  errors  can 
arise  by  assuming  the  similarity  of  sol¬ 
vents  when  in  fact  suspended  material 
or  a  second  coloured  substance  may 
be  present  in  the  solution  investi¬ 
gated. 

(4)  It  is  supposed  also  that  the  sol¬ 
vent  is  not  itself  coloured  and  that 
under  the  colorimetric  conditions  it 
does  not  absorb  any  appreciable 
amount  of  light. 

Difficulties  arising  from  points  (3) 
and  (4)  are  generally  removable  by 
the  procedure  of  compensation.  How 
this  is  applied  may  be  seen  from  Fig. 
24,  showing  the  principle  as  used  in 
the  Leitz  colorimeters.  In  B  is  placed 
the  solvent  only  and  in  Bx  the  solvent 
containing  the  coloured  substance  for 
analysis. 

A  contains  a  solution  of  the  sub¬ 
stance  in  water  of  known  concentra¬ 
tion  and  Ax  contains  water.  The 


Fig.  24.  The  figure  shows  the 
manner  of  compensation  for  col¬ 
oured  solvent  as  used  in  the  Leitz 
instruments.  If  a  coloured  sub¬ 
stance  is  dissolved  in  varying 
concentration  in  a  coloured  sol¬ 
vent  of  constant  or  known  colour 
value,  then  the  above  arrange¬ 
ment  in  which  B  is  the  coloured 
solvent,  Bx  the  same  contain¬ 
ing  the  coloured  substance,  A  a 
standard  solution  of  the  sub¬ 
stance  and  Ax  distilled  water, 
the  effect  of  the  solvent  is  elimi¬ 
nated.  This  follows  from  the  fact 
that  in  any  colour  balance  the 
same  depth  of  coloured  sol¬ 
vent  is  looked  through  on  each 
side. 
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plungers  in  A  and  Ax  move  together  as  also  those  in  B  and  Bv 
When  a  match  is  made  it  is  obvious  that  a  compensation  is  like¬ 
wise  effected,  the  light  passing  through  the  same  amount  of 
water  and  of  solvent  on  both  sides. 

Deviations  from  the  Lambert-Beer  law  can  only  be  avoided  in 
ordinary  colorimetry  by  having  the  concentration  of  the  standard 
solution  close  to  that  of  the  observed  solution,  and  in  general  it 
is  found  inadvisable  to  have  it  exceeding  the  range  of  0-3  to  3 
times. 

Such  difficulties  or  restrictions  are  removed  in  the  practice  of 
spectrophotometry. 

Monochromatic  light  and  spectral  filters.  Monochromatic  light 
may  be  used  in  ordinary  colorimetric  work  with  advantage.  Such 
light  could  be  introduced  at  the  light  source,  but  it  is  simpler  and 
equally  effective  to  remove  all  but  the  given  wave  band  by  a 
spectral  filter  inserted,  as  in  Fig.  25,  in  the  path  of  the  mixed 
rays  after  absorption  and  before  entering  the  eye.  The  spectral 
filter  is  a  small  circular  disc  of  coloured  glass  with  uniform  thick¬ 
ness.  A  number  of  such  (about  10-12)  covering  the  visible 
spectrum  are  mounted  on  a  disc,  which  can  be  moved  alternately 
into  position.  These  filters  allow  light  to  pass  of  maximum  in¬ 
tensity  at  some  particular  wave-length  and  with  diminishing 
intensity  on  each  side,  so  that  at  a  range  of  the  order  of  40  m/x  the 
intensity  is  about  one-tenth  that  at  the  centre. 


In  order  to  secure  a  readily  measurable  absorption  of  light, 
a  filter  is  chosen  which  has  a  colour  towards  the  opposite  end  of 
the  spectrum  to  that  of  the  coloured  solution,  or  more  specifically 
one  which  corresponds  to  the  region  of  maximum  absorption. 

Even  with  ordinary  colorimetry  the  use  of  monochromatic  light 
secures  the  following  advantages.  It  simplifies  the  visual  judg¬ 
ment,  since  on  moving  the  plunger  up  and  down  the  colour  ob¬ 
served  is  darker  or  brighter,  the  judgment  being  concerned  only 
with  luminosity,  though  of  a  particular  colour.  With  ordinary 
ig  dmg  as  the  stratum  depth  increases  the  total  luminosity  de¬ 
creases,  but  the  colour  observed  appears  to  grow  in  intensity  It 
also  allows  a  certain  range  of  colours  to  judge  from,  and  we  can 
c  lange  a  comparison  of  yellow  lighting  to  one  in  the  blue  or  green 
region  of  the  spectrum.  Furthermore,  it  will  occasionally  perJt 
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the  elimination  of  an  interfering  coloured  substance  by  the  use  of  a 
wave  band  in  which  this  shows  no  absorption. 

Beer's  law  will  be  also  more  strictly  fulfilled  using  mono¬ 
chromatic  light. 

Points  in  the  use  of  the  colorimeter.  Before  use  the  cups 
should  be  well  cleaned,  particularly  the  underneath  surfaces,  and 
the  plungers,  etc.  freed  from  dust.  In  the  more  modern  instru¬ 
ments  the  prisms  are  inclosed  and  protected,  as  also  the  front  of 
the  colorimeter  when  not  in  use  or  when  a  comparison  is  being 
made.  The  requisite  cups  are  then  filled  with  the  observed  solu¬ 
tion  and  the  standard,  the  arrangement  in  Fig  24.  being  adopted 
when  the  compensating  device  is  used.  All  cups  not  containing 
standard,  observed  solution  or  solvent,  should  be  removed  if  this 
can  be  done  similarly  on  each  side  or  else  contain  distilled  water  in 
which  the  plungers  are  immersed.  The  plungers  in  the  observed 
solution  and  standard  are  now  turned  down  until  they  touch  the 
glass.  If  the  scale  readings  are  not  exactly  zero  they  should  be  ad¬ 
justed  thereto.  With  the  plungers  at  zero  the  eyepiece  is  focused  so 
that  the  dividing  line  is  made  as  sharp  as  possible  and  the  lighting 
arranged  until  equal  luminosity  appears  in  both  halves  of  the  field. 

The  adjustment  is  made  with  the  front  of  the  instrument  pro¬ 
tected  with  its  shutter  or  alternatively  in  an  evenly  illuminated 
part  of  the  room.  The  lighting  is  very  easy  to  regulate  in  the 
newer  instruments  with  the  lamp  incased,  fixed  to  the  instrument 
and  provided  with  centring  or  other  adjusting  devices. 

In  making  the  comparison,  depths  below  5-0  mm.  should  be 
avoided  if  possible.  There  appears  to  be  a  difference  of  opinion  as 
to  the  most  suitable  number  of  readings  to  take  with  the  one 
solution,  and  the  author  prefers  to  take  at  least  five.  When  the 
reading  of  one  solution  is  finished  it  is  essential  that  the  lighting 
be  again  adjusted  with  the  plungers  at  the  zero  position. 

In  using  micro-cups  (1  ml.)  a  small  air-bubble  is  occasionally 
trapped  underneath  the  plungers  and  can  give  rise  to  very  erron¬ 
eous  readings.  This  should  be  borne  in  mind  when  lowering  the 
plungers  into  the  solutions. 

Spectrophotometry.  This  is  the  measurement  of  the  relative 
diminution  in  intensity  of  monochromatic  light  on  passing 
through  a  coloured  or  absorbing  stratum. 
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We  may  consider  in  the  colorimetry  previously  described  that  a 
spectral  filter  is  in  use,  then  if  instead  of  the  standard  solution  and 
plunger  on  one  side  we  had  some  means  of  progressively  and 
measurably  diminishing  the  light  until  a  match  is  obtained  with  a 
given  stratum  depth  on  the  other  side,  we  could  obtain  a  measure 
of  the  ratio  in  which  the  light  intensity  for  a  given  wave  band  has 
been  diminished  by  the  coloured  solution.  This  would  exemplify 
the  principle  of  spectrophotometry,  and  different  methods  have 
been  used  for  producing  and  measuring  the  light  diminution.  In 
the  simpler  types  of  spectrophotometers  in  use  to-day  for  analy¬ 
tical  work  the  light  intensity  is  diminished  by  a  progressive  con¬ 
striction  of  the  light  orifice,  though  this  in  turn  allows  a  variety  of 
applications.  The  use  of  polarised  light  and  the  rotation  of  a 
Nicol  prism  has  also  been  used  in  physical  investigations.  Apart 
from  such  devices  for  diminishing  monochromatic  light  in  a 
measurable  way  over  the  visible  spectrum,  the  same  effect  could 
be  produced  by  retaining  the  Dubose  principle  but  using  instead 
of  standard  solutions  of  the  substances  investigated,  one  which 
has  a  constant  absorbing  power  over  the  whole  spectral  range. 
Such  a  universal  standard  is  approximated  to  by  the  grey  solution 
of  Thiel. 

Instead  of  judging  visually  a  similarity  of  illumination  in  each 
half  of  a  field  of  vision  we  may  suppose  the  light  on  passing 
through  the  layer  of  coloured  fluid  to  impinge  on  a  selenium  cell 
and  that  this  is  then  balanced  to  a  null  point  on  a  galvanometer  by 
a  second  cell  (illuminated  for  convenience  by  similar  monochrom¬ 
atic  light  not  passing  through  the  coloured  layer,  but  modifiable 
in  intensity  by  an  adjustable  diaphragm). 

On  allowing  the  beam  illuminating  the  first  cell  to  pass  through 
a  similar  layer  of  water  instead  of  the  coloured  solution,  the  degree 
to  which  it  must  be  reduced  to  balance  the  first  cell  by  a  dia¬ 
phragm  controlled  by  a  drum,  will  give  a  measure  of  the  diminu¬ 
tion  in  intensity  produced  by  the  coloured  layer. 

In  this  lies  the  principle  of  such  photoelectric  apparatus  as  that 
of  the  Spekker  Absorptiometer. 

Using  these  spectrophotometric  methods  deviations  in  the 
application  of  the  Lambert-Beer  law  are  of  no  consequence,  when 
after  an  initial  observation  of  the  light  diminution  in  unit  stratum 
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the  concentration  is  read  off  from  a  curve  originally  constructed 
tor  solutions  of  known  concentrations.  We  not  only  secure  this 
advantage,  but  after  such  a  curve  is  drawn,  any  further  labour  in 
the  making  of  standards  is  removed. 

In  the  actual  plotting  of  such  curves  the  relative  diminution  of 
light  intensity  is  not  used  directly,  but  rather  a  function  of  this 
termed  the  extinction  coefficient,  for  it  is  the  extinction  coefficient 
and  not  the  light  intensity  that  goes  in  linear  proportion  to  the 
concentration  when  the  Lambert-Beer  law  applies.  How  these 
quantities  are  related  is  considered  in  the  following  account. 

Relations  of  light  intensity,  extinction  coefficient  and  stratum 
depth.  If  we  suppose  radiant  energy  such  as  monochromatic 
light  passing  through  a  coloured  fluid,  as  in  a  colorimeter  cup, 
with  the  incident  rays  perpendicular  to  the  fluid  surface,  then  we 
may  write 

di 

-irtk’  <16> 

where  ‘  i  ’  is  the  intensity  of  the  incident  light,  ‘  l  ’  the  length  of 
the  absorbing  layer  and  ‘  k  ’  a  constant  expressing  the  absorptive 
property  of  the  substance  in  solution. 

Lambert’s  law  is  expressed  by  this  equation.  That  the  absorp¬ 
tion  per  unit  length  (measured  over  a  very  small  or  infinitesimal 
layer)  should  be  proportional  to  the  amount  of  radiation  entering 
the  layer  may  be  interpreted  by  supposing  the  radiation  made  up 
of  units  which  are  absorbed  when  they  impinge  directly  on  mole¬ 
cules,  total  absolution  being  therefore  proportional  at  any  time  to 
the  ‘  concentration  ’  of  the  radiation. 

The  relation  may  be  further  expanded  to 

~di=ick'’  (17) 

in  which  form  it  may  be  termed  the  Lambert-Beer  law.  Here  the 
absorption  per  unit  length  is  not  only  proportional  to  the  radiant 
energy  entering,  but  also  to  the  concentration  of  the  absorbing 
molecules,  which  should  apparently  follow  from  our  first  supposi¬ 
tion  of  moving  molecules  being  struck  by  the  radiation  units, 
since  doubling  the  molecular  concentration  doubles  the  number  of 
molecules  struck.  This  at  least  forms  a  simple  if  figurative  inter- 
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pretation,  though  as  noted,  the  Lambert-Beer  law  is  not  always 
strictly  obeyed  (for  example,  it  is  not  valid  in  the  presence  ot 

proteins,  as  in  blood  serum). 

From  the  first  equation  we  obtain  on  integrating 

-  log  ±=lkx  0-434,  (18) 

*0 

and  if  the  intensity  of  the  incident  light  is  regarded  as  unity 
then  -log  i  =  llcx  0-434 

or  i  =  10~lE,  (19) 


(where  E  =  k  x  0-434). 

For  different  concentrations  of  the  same  substance  and  with 
incident  light  of  unit  intensity,  then  when  the  depths  are  ad¬ 
justed  to  produce  the  same  intensities,  from  equation  19 


Ei_k 

E,~h' 


(20) 


From  equations  16  and  17  and  writing  E  again  for  k  x  0-434, 
as  in  equation  19,  we  have  0-434c&'  =  0-434k=E,  from  which 
and  equation  20  Eel 

(21) 


E« 


V 


which  is  the  fundamental  relation  of  colorimetry  and  spectro- 

E 

photometry.  E  is  termed  the  extinction  coefficient  and  —  (or  E0) 

c 

the  specific  extinction  coefficient.  The  extinction  coefficient  was 
originally  defined  by  Bunsen  as  the  reciprocal  of  the  depth  which 
absorbed  90%  of  the  incident  radiation  (with  90%  absorption  we 
may  write 

i  =  10_1  =  10-l£ 


or  E  =  ljl, 

which  accords  therefore  with  the  original  definition). 

It  is  convenient  to  define  Ex  l,  the  extinction  coefficient  multi¬ 
plied  by  the  stratum  layer,  as  E'  or  the  ‘  extinction  ’  ;  E  is  then 

given  by  —  .  It  is  the  E'  values  or  4  extinctions  ’  that  are  marked 
on  the  drum  of  the  Pulfrich  photometer. 
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It  will  be  seen  that  we  can  associate  such  extinctions  or  extinc¬ 
tion  coefficients  directly  with  the  concentrations  to  which  then  are 
simply  proportional ,  whereas  this  is  not  so  with  light  intensities. 

Determination  of  concentrations  by  measurement  of  extinction 
coefficients.  The  relation  of  the  extinction  (as  defined  above), 
the  extinction  coefficient  and  the  specific  extinction  coefficient 
may  be  written 

~1~E  =  EqC.  (22) 

Since  the  specific  coefficient  is  a  constant  for  a  particular  sub¬ 
stance  and  given  wave-length  and  may  be  determined  once  and 
for  all,  it  follows  that  any  method  or  instrument  whereby  we  can 
determine  E  ,  or  E  for  light  of  fixed  wave-length,  gives  us  a  means 
of  determining  concentrations  without  standards. 

(a)  The  ‘  grey  solution  ’  of  Thiel  and  spectral  filters  {Leitz).  The 
grey  solution  of  Thiel  (now  made  up  from  the  solid  substance) 
has  an  extinction  coefficient  of  0-50  over  the  visible  spectrum. 
It  may  be  used  with  any  simple  colorimeter  which  can  be  provided 
with  filters,  if  these  are  not  already  fitted.  Fig.  25  illustrates  its 
use. 
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With  the  grey  solution  in  one  cup  and  the  solution  for  analysis 
in  the  other,  then  if  we  use  a  filter  with  wave-band  around  464  ra/x, 
we  shall  see  both  fields  blue  in  colour,  and  may  adjust  readily  to  an 
equal  depth  of  blue.  The  extinction  coefficient  is  then  given  by 

Eg  _  lq 
Eg  ~  lS 

or  Es  =  0-5lg/ls,  (23) 


where  lg  is  the  depth  of  grey  solution  and  ls  that  of  the  given 
solution.  If  the  depth  of  the  latter  is  made  0-5  cm.  the  reading 
of  the  grey  solution  gives  at  once  the  extinction  coefficient.  The 
simplest  manner  of  using  the  grey  solution  for  determining  con¬ 
centrations  is  as  follows.  In  this  some  comparisons  of  the  corres¬ 
ponding  depths  of  the  grey  solution  with  that  of  a  standard  solu¬ 
tion  are  made  with  a  given  filter,  the  depth  of  the  grey  solution 
being  placed  at  some  figure  which  has  a  simple  numerical  relation 
with  the  concentration  of  the  standard,  the  corresponding  depth 
of  standard  solution  being  noted.  Subsequently  the  ‘  unknown  ’ 
solution  is  placed  at  once  at  this  depth  and  the  reading  of  the 
corresponding  grey  solution  depth  gives  the  concentration  in  a 
simple  relationship.  For  example,  if  1  ml.  of  JV/1000  HC1  is 
oxidised  in  the  outer  chamber  of  the  standard  ‘  unit  ’  and  after 
absorption  in  the  20%  iodide  this  solution  were  placed  in  one  cup 

and  the  grey  solution  in  the  other  at  a  depth  of  ~  or  (using 

2  3 

filter  No.  3,  Leitz),  then  the  corresponding  reading  of  the  iodide 
solution  gives  the  standard  figure  necessary.  On  placing  the  depth 
of  subsequent  unknown  solutions  at  this  value  the  corresponding 

giey  solution  depth  multiplied  by  2  or  3  gives  the  chlorine  analysed 
as  y  chlorine. 

Determination  of  extinctions  by  the  Pulfrich  Photometer  A 

special  principle  of  the  Pulfrich  photometer  may  be  seen  from 
Fig.  26,  m  which  by  means  of  two  opposed  screws  controlled  on 
the  one  axis  by  the  movement  of  a  graduated  drum,  the  diagonal 

o  a  square  opening  may  be  progressively  diminished  and  in  direct 
relation  to  the  angular  rotation  of  the  drum 

If  similar  monochromatic  light  passes  through  water  and  a 
coloured  flmd  contained  in  opposite  cells,  then  the  emergent  light 
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will  appear  of  the  same  colour,  but  of  different  intensities.  If  this 
emergent  light  passes  through  two  such  similar  square  apertures, 


Fig.  26.  Diagram  illustrating  an  essential  principle  of  the 
Pulfrich  photometer. 


it  can  be  reduced  on  either  side  to  form  equal  intensities.  On  the 
side  containing  the  coloured  fluid  the  aperture  may  be  fully  open 
or  at  360°  angle  on  drum,  the  required  rotation  of  the  other  drum 


Glass 

Filter  Vessels 


Fig.  27.  Diagram  of  optical  arrangement  in  the  Pulfrich  photometer. 


giving  a  measure  of  the  light  absorption  and  hence  the  extinction 
of  the  coloured  fluid. 


Fig.  27  shows  how  this  principle  is  rendered  optically  effective 
in  the  Pulfrich  photometer,  the  optical  components  of  which  com¬ 
prise  a  monocular  double  telescope  set  at  infinity  with  an  axial 
separation  of  70  millimetres.  The  emergent  light  from  the  two 
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cells  and  the  drum-controlled  aperture  passes  through  two  object 
lenses,  the  two  beams  being  afterwards  combined  into  one  field 
of  view  in  the  eyepiece  by  the  two  separate  prisms  and  the  single 
biprism.  The  setting  is  arranged  so  that  the  optical  axes  of  both 
telescopes  and  hence  the  aerial  images  of  the  square  apertures  of 
entry  coincide.  The  images  of  both  the  apertures  of  entry  are 
seen,  on  looking  into  the  inspection  eyepiece  placed  in  front  of  the 
ordinary  eyepiece,  as  bright  square  apertures.  Looking  through 
the  ordinary  eyepiece  the  two  images  are  received  by  the  pupils  of 
the  eye  in  such  a  way  that  two  semicircles  appear  representing  each 
half  of  the  field  of  vision  with  a  sharp  line  of  demarcation  on 
focusing.  The  light  in  each  half-field  represents  the  emergent  light 
from  the  corresponding  absorption  cell  and  the  spectrum  filter. 

Relation  of  drum  rotation  to  light  intensity  and  extinction 
coefficient.  The  intensity  of  the  emerging  light  from  the  square 
aperture  is  proportional  to  the  surface,  hence  to  the  square  of  the 
diagonal  and  consequently  to  the  square  of  the  angular  rotation, 
since  each  angle  of  this  corresponds  to  an  equal  increment  of  aper¬ 
ture  diagonal.  We  have,  therefore, 


i  = 


a  \ 


360 


■ 


x  a  constant. 


(24) 


We  can  regard  the  intensity  as  passing  from  100%  to  zero  as 
the  aperture  is  fully  opened  and  closed,  so  that  when  a  is  360°, 
i  is  100,  and  therefore 


i  =  I 


(A 

V360 


x  100. 


(25) 


This  relation  of  intensity  to  a2  rather  than  a  ensures  much  greater 

rum  movements  for  equal  concentration  increments  at  the  lower 

levels.  The  drum  is  graduated  in  percentage  intensities,  and  in 

the  newer  models  in  extinctions  also.  The  extinction  value  is 
given  by 


,  100 

log  — —  =  E' 

i 


-E»d,  (26) 

"here  E  is  the  extinction  coefficient,  l  the  stratum  layer  E  the 
pecific  extinction  coefficient  and  c  the  concentration. '  ° 
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Reading  E'  directly  on  the  drum  we  obtain  E0cl 

E' 

OI>  ^  =  c(as  g-/litre).  (27) 

When  Beer’s  law  is  not  obeyed  the  concentration  must  be  deter¬ 
mined  from  a  curve  of  extinctions  against  concentrations.  Such 
curves  may  be  used  generally  and  are  particularly  useful  for  large 
serial  determinations. 

Determination  of  extinctions  by  photoelectric  apparatus.  The 

Spekker  Absorptiometer  is  an  example  of  which  the  author  has 
had  experience.  The  optical  arrangements  and  the  photoelectric 
circuit  are  shown  in  Fig.  28. 


Fig.  28.  The  optical  arrangement  and  photoelectric  circuit  of  the 

Spekker  Absorptiometer. 


A  100-watt  projector  lamp,  A,  in  the  cylindrical  lamphouse  in 
the  middle  of  the  instrument,  and  run  from  the  electric  mains 
supply,  is  the  source  of  light.  A  lens,  B,  mounted  in  the  housing  to 
the  right  of  the  lamp  forms  a  parallel  beam  of  light  ;  the  beam 
passes  on  through  the  specimen  and  then  falls  on  another  lens,  C, 
which  forms  an  image  of  the  lamp  filament  on  a  photocell,  D, 
mounted  at  the  right  hand  of  the  instrument.  A  calibrated 
variable  aperture,  E,  is  mounted  immediately  in  front  of  the  lens 
system,  and  enables  the  intensity  of  the  light  falling  on  the  photo¬ 
cell  to  be  varied  by  known  amounts.  Since  there  is  an  image  of  the 
filaments  on  the  cell,  there  is  no  change  in  the  cell  area  illuminated 
when  the  aperture  alters.  The  scale  associated  with  the  apertuie  is 
so  calibrated  that  it  reads  in  ‘  extinctions  ’  as  already  treated. 

Light  from  the  lamp  also  falls  on  a  photocell,  F,  mounted  m  the 
housing  to  the  left  of  the  lamp.  The  amount  of  light  falling  on 
this  photocell  (which  is  protected  by  1  cm.  water  cell)  can  be  varied, 
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by  means  of  an  iris  diaphragm,  G,  mounted  in  front  of  it.  The 
two  photocells  are  connected  in  opposition  across  a  galvanometer 
so  that,  when  the  photoelectric  currents  given  by  the  cells  are 
equal,  the  galvanometer  shows  zero  deflection. 

The  coloured  solution  contained  in  a  glass  cell  is  placed  in  posi¬ 
tion  between  the  lenses,  B  and  C,  and  two  similar  coloured  filters 
(the  colour  being  about  complementary  to  that  examined)  are 
arranged  in  position  on  each  side  of  the  lamp.  W  ith  the  drum 
controlling  the  aperture,  E,  adjusted  to  zero  the  iris  diaphragm,  G, 
is  arranged  to  give  no  deflection  of  the  galvanometer.  A  similar 
cell  containing  water  or  the  fluid  from  a  ‘  blank  ’  analysis  is  then 
substituted  for  the  first  cell  and  the  drum  turned  to  give  again  zero 
deflection.  The  reading  on  the  drum  gives  the  required  extinction. 

Such  in  general  is  the  procedure  with  apparatus  of  the  kind. 
For  further  details  the  makers’  catalogues  and  instructions  sheets 
should  be  consulted. 

The  range  of  error  in  the  determination  of  concentration.  For 

such  absolute  colorimetry  or  photometry,  using  the  dipping  colori¬ 
meter  with  grey  solution,  or  the  Pulfrich  photometer,  a  difference 
of  intensity  in  the  two  halves  of  the  fluid  of  vision  can  be  detected, 
with  some  experience,  when  one  field  is  about  1  to  2%  lighter  than 
the  other. 

From  this  we  may  calculate  the  following  table  : 


Table  IV 


Extinction  E' 


Percentage  error  in  concen¬ 
tration  with  an  error  in 
light  discrimination  of 


Intensity 
of  transmitted 
light. 

i  (  =  %  of  i0). 


and  proportional 
to  the  concentration). 


1% 


2% 


5 

10 

20 

50 

80 


1  301 
1000 
0-699 
0-301 
0-097 


0-3 

0-4 

0-6 

1-5 

4-4 


0-7 

0-9 

1-2 

2-9 

8-9 


8(3 
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lessening  of  the  relative  percentage  error.  Higher  than  50%  the 
percentage  error  is  too  high  for  accurate  working. 

These  intensities  correspond  to  extinctions  of  1-0  and  0-3  re¬ 
spectively  and  to  20  mm.  and  6  mm.  depth  of  grey  solution,  with 
the  Leitz  dipping  colorimeter,  and  to  114°  and  255°  with  the  Pul- 

fncli  photometer,  which  is  roughly  one-third  to  two-thirds  the 
whole  drum  rotation. 

\\  it h  the  Spekker  absorptiometer,  the  major  error  source 
would  seem  on  a  first  consideration  to  lie  only  in  the  reading  of  the 
drum.  Apart  from  this  drum  reading,  there  is  a  possibility  that 
the  lamp  may  ladiate  unecpially  over  the  time  for  adjusting  to  zero 
deflection  with  the  two  fluids  examined. 

Concerning  the  accuracy  of  the  drum  reading,  Messrs.  Hilger 
state  ‘  the  reading  can  be  read  to  an  accuracy  of  0-005  at  a  density 
reading  of  0-5.  This  corresponds  with  an  accuracy  of  measuring 
of  concentrations  of  1%  when  the  concentration  and  filters  are 
chosen  to  give  this  optimum  density  value.’  Their  word  density 
is  here  equivalent  to  ‘  extinction  ’  as  used  above. 

From  an  inspection  of  the  drum  calibration  it  would  appear 
that  in  the  region  of  0-5  extinction  readings  could  be  made  to 
about  0-2  of  a  division  instead  of  half  but  the  1%  error  probably 
corresponds  to  the  makers’  opinion  of  the  working  performance  of 
the  instrument  as  a  whole.  To  test  this  matter  of  accuracy  for  a 
Spekker  instrument  and  compare  it  with  that  obtained  for  the 
same  stratum  layer  and  fluid  in  the  Pulfrich  photometer,  a  series 
of  readings  on  the  one  solution  with  a  specific  extinction  of  near 
0-5  was  taken  using  blue  filters  in  each  case,  and  22  single  readings. 
The  coefficient  of  variation  found  with  the  Spekker  instrument 
was  1-0%  and  for  the  Pulfrich  1-2%.  Two  readings  on  the  Pul¬ 
frich  could  be  expected  to  give  1-2/72  or  0-9%  and  thus  be  about 
equal  to  the  single  reading  with  the  Spekker  ;  but  the  more  ob¬ 
jective  nature  of  the  Spekker  results  may  well  be  preferred,  and 
the  fact  that  numerous  readings  can  be  carried  out  without  any 
sense  of  visual  strain  or  fatigue. 

At  the  same  time  it  is  clear  that,  at  least  with  this  one  Spekker 
instrument,  which  may  presumably  be  taken  as  typical,  the  error 
of  the  drum  reading  is  not  the  major  error  involved. 


PART  II 


DESCRIPTION  OF  METHODS  WITH  THE 
STANDARD  UNITS 


AMMONIA. 


CHAPTER  IX 

AMMONIA  GROUP 

GENERAL  METHOD  USING  STANDARD 
ACID  AS  ABSORBENT 


The  ammonia  group  of  determinations  includes  not  only  ammonia 
itself,  but  substances  which  yield  ammonia  after  the  action  of 
ferments  easily  procurable  and  relatively  stable.  Such  are  urea, 
adenylpyrophosphoric  acid,  adenosine  and  adenylic  acid.  The 
method  is  also  suitable  for  micro-Kjeldahl  analyses  and  for 
macro-Kjeldahl  determinations  of  total  nitrogen,  and  can  give  an 
accuracy  for  the  ammonia  determination  not  less  than  that  with 
the  usual  25  ml.  technique.  There  should  be  no  difficulty  experi¬ 
enced  in  attaining  accuracies  of  the  order  of  0-5%  as  a  coefficient 
of  variation. 

General  method  for  ammonia  determination  (acidimetric 
procedure).  The  method  which  the  author  has  investigated  most 
extensively  for  minute  amounts,  and  found  very  satisfactory, 
consists  in  the  absorption  of  the  ammonia  in  hydrochloric  acid 
and  subsequent  titration  with  barium  hydroxide,  which  latter  is 
always  standardised  against  the  acid  by  preliminary  titration. 

or  this  titration  the  methyl  red  with  methylene  blue  indicator  is 
very  sensitive. 

For  quantities  of  ammonia  N  greater  than  about  10  M  (with 
ue  standard  ‘  unit  No.  1,  which  is  always  understood  in  these 
descriptions,  unless  the  others  are  specially  mentioned)  the  pro- 

mav  it  fS01'Pt,'rn  “  b°riC  “id  °r  °ther  SUcl'  buffered  ^sorbent, 
may  be  preferred  for  reasons  given  in  the  next  chapter. 
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A\  ith  this  latter  procedure,  and  using  bromocresol  green  with 
methyl  red  indicator,  the  titration  end-point,  though  quite  satis¬ 
factory,  has  not  the  same  sharpness  of  colour  change  as  with  the 
first  method.  Both  methods  will  be  described  here  for  the  whole 
ranges  to  which  they  may  be  suitably  applied.  The  following  then 
gives  an  account  of  the  Ba(OH)2  -  HC1  procedure. 

The  same  description  applies  with  minor  differences  to  all  ranges 
of  ammonia  determination  down  to  0-1  pgr  (0-0001  mg.)  ammonia 
nitrogen  with  the  standard  unit  (No.  1).  The  range  is  suitably 
covered  by  three  standard  acid  and  alkali  solutions  whereby  90  to 
0- 1  y  N  may  be  determined  with  the  maximum  available  accuracy 
for  end-point  volumes  of  the  order  of  1  ml. 

A\  here  the  amount  exceeds  90  y  per  ml.  the  fluid  may  be  diluted 
or  a  smaller  volume  taken,  since  there  is  practically  no  advantage 
from  the  point  of  accuracy  in  the  determination  of  larger  quan¬ 
tities. 

Delivery  of  the  acid.  Into  the  inner  chamber  of  a  ‘  unit  ’ 
cleaned  according  to  the  procedure  described  on  page  11,  is  run 
1  ml.  of  the  standard  acid  containing  indicator  (Solution  1).  The 
acid  is  delivered  from  an  Ostwrald,  simple  pyrex  tube  pipette, 
graduated  1  ml.  pipette,  or  the  2  ml.  standard  burette,  as  de¬ 
scribed  in  chapter  V.  For  the  finest  wTork  the  simple  tube  pipette 
wfltli  slow  delivery  and  comparatively  fine  point  is  recommended. 
Where  less  than  Nj 500  acid  is  required  for  the  central  chamber,  the 
simple  pyrex  pipette  should  be  used,  as  previously  mentioned. 
Help  in  the  choice  of  suitable  acid  and  alkali  strengths  will  be 
obtained  from  Table  V. 

It  is  essential  that  the  acid  should  cover  the  full  surface  of  the 
central  chamber,  but  no  difficulty  will  be  found  here  if  the  ‘  units  ’ 
have  been  properly  cleaned. 

Delivery  into  the  outer  chamber.  For  delivery  into  the  outer 
chamber,  volumes  may  range  from  0-1  to  2-0  ml.  (or  nearly  3-9) 
with  the  standard  £  unit  ’.  These  may  be  introduced  as  de¬ 
scribed  in  the  previous  chapter,  i.e.  either  by  the  Ostwald  or  the 
graduated  pipette  or  by  a  simple  tube  jnpette,  and  here  again  the 
simple  tube  pipette  is  to  be  preferred  for  the  finest  work.  To 
prevent  spattering  vigorous  blowing  should  be  avoided.  A\  ashing 
out  of  pipette  is  to  be  avoided  except  for  the  smallest  deliveries 
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(0-1  to  0-2),  and  then  only  once  or  twice,  owing  to  the  effect  of 

volume  increase  on  absorption  times. 

Covering  with  lid.  The  lid  is  smeared  with  the  fixative  (de¬ 
scribed  below)  and  placed  on  the  ‘  unit  .  It  is  just  as  convenient 
to  smear  the  whole  lid  surface  as  part  thereof. 


Table  V.  Suitable  solution  strengths  in  determining  ammonia 
with  the  hydrochloric-barium-hydroxide  procedure 


Range. 

Acid  in 
central  ch. 

Solution 

in 

burette. 

Each 
large  div. 
on  burette 
(0-01  ml.) 
as  y  N. 

Max. 

ammonia 

yN. 

Applications. 

I 

1  ml.  N/150 
hydrochlor. 
ac.  (Vide  p. 
81.) 

35-7  ml. 
N/10bar. 
hyd.  dil¬ 
uted  to 
250  ml. 

2-0 

93-4 

All  accurate  am¬ 
monia  determs, 
beyond  about 
14  yN.  Useful 
for  urine  am- 

II 

1  ml.  N/1000 
hydrochlor. 
ac.  ( Vide  p. 
81.) 

21-4  ml. 
iV/10  bar. 
hyd.  dil¬ 
uted  to 
1000  ml. 

0-30 

14-0 

monia. 

Various  tissue 
ammonia  de- 
terms.  Micro- 
Kjeldahls,  etc. 

III 

0-7  ml.  of 
N/5000 
hydrochlor. 
ac.  ( Vide  p. 
81.) 

Sols,  of 
Range 

II  dil¬ 
uted  five 
times 

0-05 

1-96 

Blood  and  tissue 
ammonia. 

The  above  solution  strengths  are  given  as  general  guides,  though 

many  others  will  no  doubt  be  found  useful  for  the  particular  purposes 
in  view. 


The  acid  introduced  into  the  central  chamber  is  very  conveniently 
made  up  for  use  as  described  in  the  text. 

When  the  ammonia  to  be  determined  lies  beyond  0-070  mo-.  N  the 
solution  may  be  diluted  to  fall  within  range  I.  No  appreciable  increase  in 
accuracy  will  be  obtained  by  using  stronger  solutions. 


Liberation  of  the  ammonia  with  alkali.  The  ‘  unit  ’  is  tilted  by 
resting  on  a  spare  lid  and  the  lid  displaced  just  sufficiently  to 
allow  the  introduction  of  the  tip  of  a  pipette.  1  ml.  of  saturated 
potassium  carbonate  is  then  usually  introduced  by  a  simple  tube 
pipette  with  rapid  delivery.  The  delivery  of  the  saturated 
carbonate  need  be  only  very  approximate,  since  if  less  than  1  ml 
is  delivered  there  is  less  volume  in  the  outer  chamber,  and  if 
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greater  the  mixture  is  more  concentrated  in  the  carbonate,  the 
eftects  tending  to  balance  out.  At  the  same  time  it  is  essential 
lat  the  carbonate  solution  be  saturated  or  very  close  thereto  and 
it  is  always  advisable  to  have  some  solid  carbonate  in  evidence  in 
t  ie  stock  solution.  Sodium  carbonate  cannot  be  substituted  for  the 
potassium  salt  unless  much  longer  times  are  allowed  for  the  absorp¬ 
tion.  Alkaline  fluids  other  than  potassium  carbonate  may  be 
found  more  suitable  for  special  determinations — particularly  where 


Fig.  29.  Times  for  full  (99-5%)  absorption  in  ‘  unit  ’. 

A.  — For  ‘  unit  ’  No.  2  or  2a.  0-5  ml.  sat.  K2C03  solution  always  added 

to  outer  chamber. 

B.  — For  standard  ‘  unit  ’  (No.  1)  at  20°  C.  1  ml.  of  sat.  K2C03  solution 

always  added  to  outer  chamber. 

G. — Same  as  for  B  but  temp,  of  38°  C. 

the  ammonia-containing  fluid  is  already  strongly  acidic,  in  which 
case  saturated  potassium  metaborate  or  50%  IvOH  may  be  used. 

The  absorption  period.  This  varies  with  the  fluid  volume  that  is 
present  before  introducing  the  1  ml.  saturated  carbonate  as  shown 
in  Fig.  29.  The  figure  gives  the  full  absorption  periods.  (In  the 
original  account  minimal  absorption  times  were  given  from 
equation  3.) 

Titration.  The  acid  in  the  central  chamber  of  the  ‘  unit  ’  is  now 
titrated  with  one  of  the  three  barium  hydroxide  solutions  of 
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Table  V,  according  to  the  range.  The  end-point  may  be  taken  as 
the  complete  disappearance  of  the  reddish  colour,  or  the  first 
appearance  of  a  faintly  perceptible  green  (pH  =  5-5).  A  thin 
pyrex  glass  rod  should  be  used  for  stirring.  It  is  essential  that  a 
blank  determination  be  done  for  the  smallest  ranges  since  minute 
quantities  of  ammonia  may  be  present  in  the  fixative,  etc. 

Calculation  of  results.  If  acid  and  alkali  strengths  are  those  of 
Table  V  the  calculation  of  the  results  becomes  very  simple,  the 
number  of  large  divisions  on  the  burette  being  multiplied  or 
divided  by  simple  numerals. 

An  example  may  be  useful  to  illustrate  the  calculation.  In  this 
example— as  throughout  for  similar  calculations — the  ‘  unit  ’  con¬ 
taining  the  fluid  and  all  the  required  reagents  is  termed  the 
‘  analytical  unit,’  in  contrast  to  the  ‘  blank  unit  ’  set  up  as  de¬ 
scribed  in  the  special  determinations. 

Example.  Solutions  of  Range  II  used  (Table  V). 

1  ml.  of  IV/ 1000  acid  in  central  chamber. 

0-5  ml.  of  fluid  for  analysis  in  outer  chamber. 

Titrations. 

Analytical  ‘  unit  ’  36-75  large  divs. 

Blank  1  imit  ’  55-30  „ 

Calculation.  ^ 

(55-30-  36-75)  x  0-30=  18-55  x  0-30  =  5-56  N, 

5*56 

ng  ammonia  IV/100  ml.  =  — —  x  100=  1112 

0-5 

or  mg.  ammonia  IV/100  ml.  =  1-112. 

,  -JherreSultl  mUSt  be  corrected  pipette  and  alkali  factors  when  these 
(litter  irom  the  nominal  volume  or  strength. 


Solutions  required. 

(1)  Standard  hydrochloric  acid  with  indicator.  To  cover  all 
ranges  three  strengths  of  standard  acid  are  made  up  (see  Table  V). 
One  of  these  is  used  depending  on  the  range  expected.  The  three 
acids  are  tf/150,  N/ 1000  and  A/5000  hydrochloric  acid.  (Sul- 
pmnc  acid  could  also  be  used  with  no  appreciable  difference  at 
these  dilutions.)  In  preparing  these  stock  acids  N/ 10  and  Nl  100 
sliou  d  be  firstly  made  up  from  standard  normal  acid.  In  prepar¬ 
ing  the  standard  acids  with  indicator,  we  will  suppose  that  500  ml 
IS  the  quantity  made  up  in  each  case. 
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N/150  HC1  with  indicator.  5  ml.  of  Tashiro’s  reagent  are  run 
into  a  500  ml.  flask  and  100  ml.  of  absolute  alcohol  are  added 
Distilled  water  is  then  run  into  about  three-quarters  the  volume  of 
the  flask  and  the  indicator  brought  to  the  neutral  point,  which 
usually  means  dropping  in  a  little  dilute  alkali  until  the  red  colour 
is  discharged.  33-3  ml.  of  the  stock  iV/10  are  now  run  in  from  a 
burette  and  the  mixture  brought  to  the  mark,  etc.  The  mixture  is 
stored  in  a  pyrex  bottle  or  an  ordinary  bottle  lined  with  solid 
paraffin.  It  will  keep  practically  indefinitely.  The  distilled  water 
used  should  be  tested  for  its  reaction  by  some  of  the  Tasliiro  in¬ 
dicator  and  at  least  for  the  two  weaker  acids — should  be 
neutralised  to  the  end-point  if  necessary.  Tashiro’s  reagent  (1932) 
is  made  for  the  above  purpose  by  adding  to  200  ml.  of  0-1% 
alcoholic  solution  of  methyl  red,  50  ml.  of  a  similar  solution  of 
methylene  blue  (0*1%).  Stored  in  a  brown  bottle  it  keeps 
indefinitely. 

N / 1000  HC1  with  indicator.  The  same  procedure  is  followed 
exactly  except  that  5  ml.  of  the  stock  iV/lO  acid  from  a  pipette 
is  used  instead  of  33-3  ml. 

N 1 5000  HC1  with  indicator.  Here  again  the  same  procedure  is 
adopted  except  that  10  ml.  of  the  stock  JV/100  acid  is  used. 

(2)  Standard  barium  hydroxide  solutions.  These  are  prepared 
from  the  stock  Nj  10  barium  hydroxide  as  supplied  by  the  British 
Drug  Houses,  and  in  accordance  with  the  dilutions  in  Table  V. 
The  barium  hydroxide  stock  solution  may  be  run  in  from  a 
standard  50  ml.  burette.  All  undue  exposure  to  the  atmosphere 
should  be  avoided,  and  after  making  up  to  the  mark  and  mixing, 
the  solution  should  be  transferred  to  the  reservoir  bottle  of  the 
burette.  Before  a  titration  series  the  alkali  is  always  standardised 
against  the  acid. 

For  the  weaker  solutions  it  is  advisable  to  paint  the  cork  of  the 
reservoir  bottle  with  melted  paraffin  wax,  including  the  connec¬ 
tions  with  the  soda-lime  tube,  to  prevent  slow  diffusion  of  atmo¬ 
spheric  carbon  dioxide  into  the  solution. 

(3)  Saturated  potassium  carbonate.  A  very  large  amount  of 
potassium  carbonate  is  required  to  saturate  water  (53-2  g.  of 
K2C032H  .,0  being  contained  in  100  g.  of  the  solution  at  25  and 
60-9  g.  at  100°).  Excess  should  be  added,  and  it  is  convenient  to 
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weigh  out  110  g.  per  100  ml.  water.  After  dissolving  in  a  large 
beaker  and  cooling  (it  heats  on  mixing  with  the  water)  the 
saturated  solution  is  decanted  into  a  pyrex  conical  flask  with 
pvrex  stopper,  some  glass  beads  are  added  and  the  solution  boiled 
for  about  ten  minutes  at  first  vigorously  and  then  gently.  The 
stopper  is  then  placed  in  position  with  a  small  fold  of  filter  paper 
inserted  between  it  and  the  flask  to  allow  the  air  to  enter  in  cooling 
and  prevent  the  stopper  from  sticking.  After  cooling,  a  little  solid 
carbonate  should  be  in  evidence.  1  his  boiling  of  the  carbonate  solu¬ 
tion  is  necessary  to  free  it  completely  of  ammonia,  for  potassium 
carbonate  generally  contains  some  small  quantity  of  free  ammonia. 

Other  alkali  solutions  besides  K2C03  may  be  used  and  found 
advantageous  for  special  determinations.  Thus,  saturated  potas¬ 
sium  metaborate  (69  g.  KB02  may  be  allowed  to  100  c.c.  water)  or 
40%  KOH  may  be  used.  With  potassium  metaborate  about  the 
same  times  are  to  be  allowed  as  with  potassium  carbonate,  but 
with  KOH  20%  increase  in  these  times  is  advisable. 

The  fixative.  A  suitable  fixative  for  smearing  on  the  lid,  when 
using  the  c  unit  ’  with  the  N/ 150  acid  at  room  temperature  ex¬ 
clusively,  is  a  good  quality  vaseline.  If  incubations  are  carried 
out  at  38°  the  mixture  is  hardened  by  melting  3  parts  vaseline  with 
1  part  of  paraffin  wrax  (m.p.  55°)  and  allowing  to  cool.  When 
using  the  A/1000  and  IV/5000  acids,  it  is  advisable  to  use  a  fixative 
containing  only  a  mixture  of  pure  solid  and  liquid  paraffin  melted 
together  and  allowed  to  cool.  The  proportion  may  be  as  follows  : 
50  g.  of  solid  paraffin  (m.p.  about  49°)  in  80  ml.  liquid.  This 
mixture  may  be  varied  in  accordance  with  the  prevailing  labora¬ 
tory  temperature,  and  is  not  suitable  for  incubation. 

Apart  from  the  above  Kawerau  (1941)  has  found  liquid  paraffin 
very  serviceable,  at  room  temperature,  a  few  drops  being  placed 
on  the  centre  of  one  glass  slide  and  another  slide  is  placed  on  the 
top  and  drawn  across  so  that  two  are  prepared  together.  For 
ordinary  room  temperatures  results  with  this  fixative  have  been 
found  by  Kawerau  the  same  as  with  vaseline. 


Notes  on  water-soluble  fixatives. 

While  the  above  fixatives  have  been  found  in  practice  very 
satisfactory,  a  water-soluble  fixative  may  be  preferred  because  of 
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the  advantage  of  easier  cleaning.  The  following  is  a  description 
ot  water-soluble  fixatives  which  may  be  tried  : 

(a)  11  ater  glass  fixative.  This  has  been  mentioned  to  the  author 
by  Dr.  Silbermann,  who  has  found  it  very  satisfactory.  In  using  it 
the  ordinary  commercial  water  glass  for  egg  preserving  may  be 
used.  This  diluted  by  adding  about  one-third  its  volume  of  water 
forms  a  suitable  consistency,  and  can  be  applied  by  a  glass  rod  or 
small  brush  around  the  upper  surface  of  a  unit  and  the  lid  then 

placed  in  position.  It  is  inadvisable  to  smear  it  over  the  whole 
surface  of  the  ‘  unit  \ 

(b)  Gian  tragacanth  fixative.  In  preparing  this  3  parts  of  the 
powdered  gum  are  ground  with  water  which  is  gradually  added 
until  34  parts  are  finally  included  as  well  as  15  parts  of  glycerol 
and  8  parts  of  saturated  K  2C03  (all  parts  being  added  by  volume 
except  the  gum,  which  is  added  by  weight).  The  whole  forms  a 
soft  jelly  which  may  be  easily  spread  on  the  lids. 

(c)  Gum  arabic fixative.  To  10  parts  by  weight  of  powdered  gum 
acacia  (also  termed  gum  arabic)  are  added  15  vol.  water,  5  vol. 
glycerol  and  5  vol.  saturated  K2C03.  In  preparing  this  fixative, 
water  is  added  slowly  to  the  powder,  the  mixture  being  ground 
in  a  large  mortar  to  hasten  the  solution  of  the  gum.  The  glycerol 
and  carbonate  are  then  added  and  stirred  in.  The  mixture  may 
then  be  used  or  poured  into  a  large  separating  funnel  and  allowed 
to  settle  overnight,  when  the  lower  fluid  can  be  separated  easily 
from  a  somewhat  frothy  upper  layer  and  stored  in  a  stoppered 
vessel.  In  using  a  few  drops  are  smeared  over  a  glass  lid,  or  may 
be  applied  as  for  (a)  with  a  glass  rod  around  the  rim  of  the  ‘  unit 

Any  water-soluble  fixative  should  first  be  tested  for  the  presence 
of  appreciable  amounts  of  ammonia. 


CHAPTER  X 


AMMONIA.  GENERAL  METHOD 
(OVER  10  jxg — USING  THE  BORIC-HC1  PROCEDURE) 


The  use  of  boric  acid  as  an  ammonia  absorbent  was  first  intro¬ 
duced  by  Winkler  (1913-15)  and  used  with  the  microdiffusion  pro¬ 
cedure  by  Abelin  (1938).  This  procedure  was  further  studied  by 
Kawerau  (1941)  and  later  by  Conway  and  O’Malley  (1942). 
Boric  acid  is  only  one  of  a  number  of  such  buffer  absorbents,  the 
theory  of  which  is  discussed  by  the  author  ( 1 942).  It  would  appear 
on  the  whole  to  be  the  most  useful,  though  up  to  about 
300  fig  NH3 — N  half  saturated  magnesium  chloride  is  about  as 
serviceable.  Where  the  absorbent  is  titrated  electrometrically, 
such  substances  as  potassium  acid  phosphate  could  be  employed 
(Hawes  and  Skavinski,  1942). 

The  chief  advantage  of  this  buffer  absorption  with  subsequent 
titration  with  HC1  or  H2S04  is  that  the  ammonia  is  finally  deter¬ 
mined  by  a  direct  titration,  and  not  by  a  difference  in  titration. 
The  ammonia  therefore  can  always  be  measured  after  absorption, 
whereas  with  the  other  procedure  it  may  happen  occasionally  that 
the  titre  of  the  absorbing  acid  is  exceeded  by  the  ammonia  and  the 
analysis  must  be  repeated. 


It  is  also  an  advantage  that  the  volume  of  the  absorbing  fluid 
need  not  be  exactly  measured,  and  that  it  is  perfectly  stable. 

On  the  other  hand  the  end-point  of  the  titration  with  the  boric 
or  other  such  absorption  is  not  quite  so  sharp  as  in  the  method 
previously  described,  and  this  difference  becomes  relatively 
greater  at  the  lower  levels  (below  10^)  when  the  titrating  acid  fs 
likewise  reduced  in  strength.  It  is  true  that  the  absorbing  fluid 
could  hkewise  be  reduced  in  strength,  but  even  so  at  the  lowest 
ammoma  levels  the  barium  hydroxide  absorption  with  acidic 
titration,  using  the  fashiro  indicator  is  preferable,  and  some  may 

prefer  it  even  over  the  whole  range  of  ammonia  determinations 
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Concerning  Abelin’s  criticism  (1938)  that  there  may  be  a  loss  of 
ammonia  on  titrating  with  alkali  into  the  central  chamber  it  may 
be  said  that  this  does  not  occur  in  the  actual  practice  of  a  titration, 
and  can  only  arise  with  a  large  rush  of  the  titrating  alkali  without 
stirring. 

Procedure.  The  ammonia  liberated  in  the  outer  chamber  by 
alkali  addition  in  the  usual  way  is  absorbed  in  boric  acid  mixture 
plus  indicator  in  the  central  chamber  (slightly  reddish),  the 
pH  of  this  mixture  being  approximately  5*0  before  absorption. 
During  the  ammonia  absorption  the  pH  of  the  mixture  rises,  and 
to  upwards  of  8-0  (the  strength  of  the  mixture  being  such  as  to 
prevent  it  rising  further).  After  the  required  period  the  fluid  in 
the  central  chamber  is  titrated  to  a  faint  permanent  reddish  tint 
with  standard  acid.  The  indicator  incorporated  in  the  solution  is  a 
mixture  of  bromocresol  green  and  methylene  blue,  this  being 

V 

found  more  advantageous  for  such  titrations  than  the  methylene 
blue — methyl  red  indicator,  as  found  by  a  number  of  observers  ; 
e.g.  Hahnel  (1935)  ;  Prater,  Cowles  and  Straka  (1942),  Hawes  and 
Skavinski  (1942). 

At  the  end  of  the  absorption  period  the  contents  of  the  central 
'  chamber  is  titrated  with  standard  acid  from  the  Conway  burette, 
the  end-point  being  a  colour  change  of  green  to  red  (pH  of  about 
5-0  to  5-1). 

Using  N/50  acid  in  the  burette,  each  large  division  is  equivalent 
to  2*8  ixg  NH3 — N. 

Solutions. 

Boric  acid.  The  strength  depends  somewhat  on  the  range  ex¬ 
pected.  Up  to  300  NH3*— N,  1-0%  suffices.  To  make  a  litre  of 
the  reagent,  10  g.  of  the  purest  boric  acid  are  introduced  into  a 
1  litre  flask,  200  ml.  alcohol  are  added,  then  about  700  ml.  dis¬ 
tilled  water.  The  boric  acid  is  brought  into  solution  and  10  ml.  of 
the  mixed  indicator  (bromocresol  green  and  methyl  red)  are  added. 
On  mixing,  the  whole  is  brought  to  the  desired  end-point  colour 
of  faint  reddish,  which  usually  requires  the  addition  of  a  little 

alkali,  and  the  mixture  made  up  to  the  mark. 

Mixed  indicator.  This  contains  bromocresol  green,  0-033%  and 
methyl  red,  0-066%  in  alcohol.  It  keeps  indefinitely. 
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Standard  acid.  N/5 0  is  suitable  in  the  horizontal  burette  for 


ammonia  N  up  to  300  /xgr. 

Notes  on  the  method. 

(1)  The  lower  the  boric  acid  concentration  the  more  delicate  the 
end-point,  but  when  the  strength  is  reduced  so  also  is  the  absorb¬ 
ing  power. 

The  following  equation  shows  the  relation  obtaining  between 
the  fraction  of  ammonia  not  absorbed  (U),  the  volumes  in  the 
outer  and  inner  chambers,  and  the  hydrogen  ion  concentration  to 
which  the  central  fluid  is  raised  : 


10-9-4 


(27  a) 


10-9'4+  [H] 


a 


where  a  and  b  are  the  volumes  in  the  inner  and  outer  chambers  [H] 
the  equilibrium  hydrogen  ion  content  of  the  absorbent  and  s  the 
relative  solubility  (outer/inner)  of  NH3  gas. 

Where  6  and  a  are  equal  and  s  approximately  0-3,  as  happens 
with  half  saturated  potassium  carbonate  in  the  outer  chamber, 
then  0-01  of  the  ammonia  remains  there  at  equilibrium,  99%  being 
absorbed.  As  a  guide  to  the  conditions  of  absorption,  a  pH  of  , 
about  8-0  is  produced  by  the  absorption  of  1  ml.  of  NJ 50  NH3 
in  1-0  c.c.  of  1%  boric  acid. 

(2)  Where  the  ammonia  absorption  is  considerable  and  the 
titration  prolonged,  the  end  point  when  reached  fades  a  little. 
This  is  due  to  the  evolution  of  carbon  dioxide  gas  absorbed  during 
the  titration.  Leaving  aside  for  a  few  minutes,  the  true  end-point 
is  obtained  on  titrating  a  little  further. 
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SPECIAL  FACTORS  INFLUENCING  THE  RATE  OF 
AMMONIA  ABSORPTION 

Ir  is  not  necessary  to  know  of  these  factors  when  carrying  out  the 
above  determinations  in  accordance  with  the  instructions  ;  but 
it  is  essential  when  it  is  required  to  vary  the  quantities  and  condi¬ 
tions  in  the  outer  chamber.  The  influence  of  fluid  volume  in  outer 
chamber,  of  temperature  and  other  factors  have  been  already  dis¬ 
cussed  in  Chapter  II.  Here  the  special  factors  of  the  pH  value 
and  saline  content  arise  for  consideration. 

pH  influence.  If  for  a  given  quantity  of  ammonium  salt  we 
consider  the  rate  of  ammonia  absorption  (AJ  at  high  pH  values 
and  the  rate  (A  2)  at  a  pH  where  only  a  fraction  exists  as  gas,  the 
ratio  of  these  two  rates  will  be  the  ratio  of  the  tensions  of  ammonia 
gas  developed.  This,  however,  is  clearly  the  ratio  of  the  degrees  of 
dissociation  of  the  ammonium  ions,  if  we  regard  these  for  conven¬ 
ience  as  dissociating  into  ammonia  gas  and  hydrogen  ion,  so  that 

we  have  .  .  /no, 

A1=aA2.  (28) 


Thus,  when  the  ammonium  ion  is  half  dissociated,  Ax  is  half  the 
full  absorption  rate  A  2.  The  degree  of  dissociation  or  the  value  of 
a  is  given  from  the  equation 


pH  =  9-4  +  log  •  (29) 

From  this  it  will  be  seen  that  when  a  =  0-5,  log- - =  log  1-0  =  0 

and  the  pH  of  the  solution  is  9-4.  At  pH  9-4,  therefore,  the 
ammonia  will  be  absorbed  at  half  the  full  absorption  rate  (con¬ 
sidering  such  absorption  rates  without  any  appreciable  salt  effect). 
Similarly  at  pH  8-4  it  will  be  absorbed  at  9%  of  the  full  absorp¬ 
tion  rate.  Little  advantage  will  be  obtained  in  itself  by  pushing 
the  pH  beyond  10-4,  when  91%  of  the  full  absorption  rate  is 

occurring. 
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It  may  be  noted  that  the  pH  of  normal  ammonia  solution  is 
approximately  11-6,  99-5%  of  the  total  ammonia  being  present 
as  the  free  gas,  and  the  pH  of  N/ 10  ammonia  is  approximately 
1M,  with  98-5%  as  free  gas.  Such  standard  ammonia  solutions 
containing  the  free  ammonia  may  therefore  be  used  in  any  in¬ 
vestigations  of  absorption  rates  and  various  influences  thereon, 
without  the  need  of  making  standard  ammonium  salt  solutions 
and  adding  alkali  thereto. 

The  effect  of  salt  addition  on  the  ammonia  absorption.  Apart 
from  the  pH  effect,  the  addition  of  certain  salts  to  ammonia  solu¬ 
tions  can  very  greatly  increase  the  tension  of  the  ammonia  gas 
therein,  and  therefore  the  absorption  rate  in  the  ‘  units  ’.  Such 
effects  of  salt  addition  on  ammonia  tensions  have  been  exhaust¬ 
ively  investigated  by  Gaus  (1900)  and  by  Abegg  and  Riesenfeld 
(1902).  The  potassium  salts  wrere  found  to  be  very  much  more 
effective  than  the  sodium,  and  amongst  the  salts  of  potassium,  the 
carbonate  and  the  metaborate  have  the  most  marked  action. 
The  effect  of  the  cations  goes  in  the  following  series  : 

Mg— Ca— Li— NH4— Na— K, 


increasing  from  left  to  right,  and  the  first  three  of  these  actually 
produce  a  decrease  in  ammonia  tension.  The  effect  of  the  anions 
goes  in  the  following  sequence  : 


I_Br— Cl— N03— (C204,  Cr04,  S03) — HP04 — F 
— OH — BO  2 — C03. 

Table  VI  gives  a  comparison  of  the  absorption  rates  at  38°  C. 
in  the  unit  ’  after  the  addition  of  various  salts,  1  ml.  of  the 
saturated  or  standard  salt  solution  being  added  to  1  ml.  of  a 
pure  ammonia  solution.  The  rate  from  pure  ammonia  solutions 
(2  ml.  m  outer  chamber)  is  taken  as  the  standard  for  column  4. 

It  will  be  seen  that  the  absorption  rate  can  be  trebled  by  the 
addition  of  an  equal  volume  of  saturated  potassium  carbonate  or 
metaborate  to  the  solution  in  the  outer  chamber.  Potassium 
fluoride  is  also  very  effective. 

of  Kro  be  *fkenthat  for  every  10/o  of  the  saturation  value 
4-4°/in  t‘n  ‘He  '“Xture  there  is  an  approximate  increase  of 
/o  m  the  absorption  rate,  and  that  at  the  same  time  for  mix 
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tures  of  equal  concentration  the  time  of  clearance  from  the  outer 
chamber  is  inversely  proportional  to  the  volume  therein.  From 
these  data  it  will  appear  that  a  rough  calculation  of  absorption 
times  can  be  made  for  any  concentration  of  potassium  carbonate 
in  the  outer  chamber  and— within  limits— for  any  volume  of  the 
mixed  fluids. 

Potassium  metaborate  is  particularly  effective  for  adding  to 
rather  concentrated  acid  solutions  containing  ammonia.  Here 
carbonate  would  cause  a  marked  evolution  of  carbon  dioxide. 

The  error  of  the  ammonia  determinations.  The  possible 
lower  limit  of  variable  error  in  such  determinations  consists  in 
the  summation  of  that  involved  in  the  pipetting  of  1  ml.  acid  into 
the  central  chamber  and  of  the  fluid  into  outer  chamber,  and  the 
titration  of  the  acid  residue  after  absorption.  A  large  number  of 
such  ammonia  determinations  (barium  hydroxide  titration)  were 
carried  out  with  the  Bang  burette  before  the  horizontal  burette 
was  elaborated  and  gave  a  standard  deviation  or  coefficient  of 
variation  of  0-5%.  The  results  are  given  in  Table  VII,  and 
exceed  the  possible  lower  limit  of  error.*  Titrations  with  the 
horizontal  burette,  and  using  the  more  refined  pipetting  already 
described,  would  give  considerably  reduced  errors. 


Table  VI 


Substance 

investigated. 

Concentration 
of  substance 
in  mixed 
fluid  at  38°. 

Absorption 
rate  at  38° 

(Aj  value,  see 
equation  1 
in  text). 

Calculated  % 
increase  in 
ammonia 
tension  in 
outer  chamber. 

%  increase 
in  NH3  tension 
found  by 
Abegg  and 
Riesenfeld 
using  0-5  N 
sols,  of  the 
substances  in 
col.  1. 

IyB02 

£  sat. 

0  054 

218 

24 

KaCO, 

0  050 

194 

27 

KF 

0045 

165 

19 

k2hpo4 

>> 

0  035 

106 

17 

k2c2o4 

0  024 

41 

15 

KOH 

20% 

0  041 

141 

20 

NaOH 

0  037 

118 

13 

NaOH 

0-5  N 

0019 

12 

13 

Water 

— 

0017 

0 

0 

Glucose 

25% 

0014 

-  17 

*  0-2-0-3%  under  the  analytical  conditions. 
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Table  VII 
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Quantity  of 
ammonia  - 
nitrogen 
added  to 
outer  chamber, 
mg. 

Percentage 
‘  recovered  ' 
by  absorption 
in  inner 
chamber. 

Standard 
deviation  of 
individual 
estimation 
as  mg. 
ammonia- 
nitrogen. 

Coefficient 
of  variation 
of  individual 
estimation. 

Number  of 
estimations. 

1-40 

99-5 

7  0  x  10-3 

0-50 

48 

0140 

99-5 

6-7  x  10~4 

0-48 

33 

0014 

99-5 

1-0  x  10-4 

0-72 

24 

CHAPTER  XII 


OTHER  METHODS  FOR  DETERMINING  THE  ABSORBED 
AMMONIA  IN  THE  MICRODIFFUSION  PROCEDURE 

Bromometric.  Rappaport  and  Glaser  (1932)  used  such  a  method 
for  exact  blood  urea  determinations  after  distilling  off  the  am¬ 
monia  in  a  Parnas-Wagner  apparatus  (1921).  Following  this 
Rappaport  and  Gutman  (1935)  adapted  their  procedure  to  the 
microdiffusion  method  subsequent  to  a  reading  of  the  paper  by 
Gibbs  and  Kirk  (1934)  on  minute  urea  determinations  with  a  re¬ 
duced  model  of  the  ‘  unit  They  found  it  superior  to  the  dis¬ 
tillation  method. 

As  used  by  Rappaport  and  Gutman,  the  ammonia  is  first  ab¬ 
sorbed  by  diffusion  into  40%  sulphuric  acid  in  the  detachable 
chamber  of  a  Widmark  alcohol  apparatus.  This  is  not  nearly  as 
efficient  as  the  standard  ‘  unit  and  it  is  unnecessary  to  use  so 
strong  an  acid  solution.  After  the  absorption  the  chamber  with 
acid  is  removed  to  a  Hagedorn-Jensen  tube  in  which  it  is  neutral¬ 
ised,  5  c.c.  of  a  hypobromite  mixture  added,  and  then  a  tiny  crystal 
of  KI  and  2  c.c.  of  a  hydrochloric  acid  solution  made  by  diluting 
fuming  hydrochloric  acid  with  an  equal  volume  of  water.  The  free 
iodine  formed  is  titrated  with  N/. 100  thiosulphate  in  the  usual 
fashion  with  starch. 

Since  a  very  much  weaker  acid  would  have  sufficed  for  the 
ammonia  absorption,  the  subsequent  and  rather  awkward  neutral¬ 
isation  procedure  described  by  them  could  be  dispensed  with  and 
is  not  here  given. 

The  essential  reactions  in  the  above  method  are  (subsequent  to 
absorption  and  neutralisation  of  the  acid),  according  to  Rappaport 
and  Gutman  : 

NaOBr  +  NaBr  +  2HC1  =  Br2  +  2NaCl  +  H,0 
2NH3  +  3Br2  +  6NaOH  =  N2  +  6H20  +  6NaBr 
Br2  +  2KI=Ia  +  2KBr. 
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The  reaction  between  ammonia  and  hypobromites  is,  however, 
more  usually  given  as 

2NH3  +  3NaOBr  =  N2  +  3NaBr  +  3H  20 

(e.g.  Mellor,  1928). 

Such  a  method  would  in  no  way  increase  the  accuracy  of  the 
methods  here  described  for  solutions  of  Ranges  I  and  II  (HC1 
absorption),  and  would  only  lengthen  the  procedure  and  the 
making  of  solutions.  When  using  solutions  of  Range  III  it  may 
possibly  be  of  use,  but  owing  to  the  necessary  increase  in  volume 
and  the  use  of  many  more  reagents  the  writer  would  prefer  the 
direct  barium  hydroxide  titration  with  the  methyl  red-methylene 
blue  reagent  for  such  minute  ammonia  absorptions. 

The  hypobromite  solution  used  in  the  above  method  is  made  as 
follows  : 

(a)  Bromine  solution.  20  g.  KBr  are  dissolved  in  100  c.c.  of  H2S04,  then 

8  g.  bromine  (2-5  c.c.)  are  added,  the  solution  shaken  and  made  to 
mark  with  water.  It  keeps  for  a  long  time  in  the  cold  and  stored 
in  a  brown  bottle. 

(b)  Buffer  solution.  84-5  g.  boric  acid  and  14-6  g.  sodium  hydroxide  are 

dissolved  in  about  800  c.c.  distilled  wrater,  boiled  for  30  minutes  to 
drive  off  any  ammonia  present  and  after  cooling  filled  to  the 
1000  c.c.  mark. 

Before  the  experiment,  to  10  c.c.  of  the  bromine  solution  in 
a  50  c.c.  volumetric  flask,  dilute  sodium  hydroxide  is  added  till 
the  colour  changes  from  brown  to  lemon  yellow  ;  then  about 
25  c.c.  of  borate  buffer  are  added  and  distilled  water  to  the  mark. 
This  hypobromite  solution  should  be  made  up  fresh  before  using. 

Colorimetric  or  spectrophotometric.  After  the  ammonia  ab¬ 
sorption  in  dilute  acid  the  procedure  may  be  readily  adapted  to 
colorimetric  or  photometric  examination.  The  titration  method 
is  much  preferable  on  grounds  of  accuracy,  and  also  of  conven¬ 
ience  when  the  procedure  has  been  going  as  a  routine.  For 
the  minutest  amounts  (Range  III),  however,  the  spectrophoto¬ 
metric  method  may  be  preferred  by  some  to  the  titration  pro¬ 
cedure  since  it  is  not  so  dependent  on  a  high  grade  cleaning  of  the 

The  spectrophotometric  procedure  has  in  this  way  been  used  by 
borsook.  He  used  a  ‘  unit  ’  similar  in  dimensions  to  the  standard 
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design  and  the  phenate  hypochlorite  reagent  as  described  by 
\  an  Slyke  and  Hiller  (1933),  instead  of  the  Nessler  reagent 

In  using  these  procedures,  the  problem  is  merely  one  of  de¬ 
termining  the  ammonia  in  a  pure  weak  acidic  solution.  The 
acid  for  absorption  may  be  chosen  as  IV/ 100  or  N/ 200  sulphuric 
acid,  without  indicator .  The  Nessler  reagent,  if  used,  should  not  be 
directly  added  to  the  acid  in  the  outer  chamber,  owing  to  possible 
loss  of  ammonia.  It  may  be  pipetted  out  and  made  up  with  wash¬ 
ings  to  10  ml.  in  a  small  cylinder  and  0-5  ml.  Nessler  reagent 
added,  the  reading  with  the  Pulfrich  photometer  being  then  made 
with  filter  S  43,  and  using  Figs.  14  and  15  in  Krebs’  description 
of  Cleghorn  and  Jendrassik  s  method  for  residual  nitrogen  in 
blood. 

The  extinction  figure  on  the  instrument  is  divided  by  the 
stratum  depth  used  and  the  abscissa  corresponding  in  mg.  % 
residual  nitrogen  in  these  diagrams  divided  by  2  gives  the  micro - 
gramme  ammonia  N  in  the  1  ml.  of  fluid  examined. 

For  the  very  lowest  ranges  the  central  fluid  may  be  TO  of  pure 
acidic  solution  of  IV/ 1000  strength  or  less.  0-9  ml.  is  carefully 
pipetted  out  in  the  end  into  a  small  tube  and  0T5  ml.  Nessler 
added.  With  this  mixed  fluid  the  micro  Pulfrich  cells  of  1  ml. 
capacity  and  50  cm.  stratum  depth  are  filled  and  the  extinction 
determined  and  compared  with  that  for  standard  solutions  simi¬ 
larly  treated.  In  this  way  ammonia  N  down  to  0T  to  0-2y/ml. 
should  be  determinable  with  an  accuracy  at  about  the  5%  level. 
Borsook  has  in  fact  estimated  0-5  y  with  an  error  not  greater  than 
±2%  (1935). 

Apart  from  such  spectrophotometric  determinations,  ordinary 
colorimetry  can  of  course  be  used  in  which  the  Nesslerised  solution 
is  directly  compared  with  a  similarly  treated  standard. 

Recently  Van  Slyke  and  Hiller  have  revived  the  use  of  the  blue 
colour  produced  by  ammonia  with  an  alkaline  solution  of  phenol 
and  hypochlorite  for  use  in  blood  ammonia  determinations,  and  it 
has  been  used  by  Borsook  (1935)  for  micro-ammonia  determina¬ 
tions. 

For  quantitative  determinations,  it  was  first  used  by  Thomas 
(1912,  1913),  who  attributed  its  discovery  to  Berthelot. 

Van  Slyke  considers  it  to  be  more  delicate  than  the  Kessler 
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reagent,  and  its  greater  suitability  for  minute  quantities  has  been 
confirmed  by  other  workers. 

Crismer  (1937)  has  modified  the  Van  Slyke  and  Hiller  procedure 
by  using  chloramine  instead  of  hypochlorite.  Very  recently 
Russell  (1945)  has  deepened  the  colour  of  the  reaction  considerably 
by  conducting  it  at  a  lower  pH  and  catalysing  with  manganese 
ions. 


Preparation  and  use  of  the  Nessler  and  phenate -hypochlorite 
reagents  ;  Van  Slyke  and  Hiller  procedure. 

The  Nessler  reagent.  This  may  be  prepared  by  grinding  10  g.  mercuric 
iodide  (Hgl2)  in  a  porcelain  mortar  with  a  little  water,  the  mixture  being 
rinsed  into  a  dark  bottle  and  the  remainder  of  the  water  (100  ml.  in  all 
being  used)  in  which  are  dissolved  5  g.  potassium  iodide  and  20  g.  pure 
NaOH,  prepared  from  metal,  added.  The  precipitate  will  settle  completely 
within  24  hours,  so  that  the  perfectly  clear  solution  can  be  decanted  off. 
The  reagent  should  be  kept  in  a  well -stoppered  dark  bottle. 

The  phenate-hypochlorite  reagent. 

Van  Slyke  and  Hiller  procedure  (1933). 


Sodium  phenate  reagent.  This  is  made  by  dissolving  25  g.  of  phenol  in  a 
small  quantity  of  water,  adding  50  ml.  of  40%  NaOH  and  diluting  to 
100  ml.  with  ammonia-free  water. 


The  hypochlorite  solution  (Javel  water),  containing  1  g.  of  Cl  per  100  ml. 
Dissolve  50  g.  of  calcium  hypochlorite,  having  56-5%  available  Cl,  in  about 
500  c.c.  of  hot  water.  Mix  this  solution  with  one  containing  50  g.  of 
anhydrous  potassium  carbonate  in  200  c.c.  of  cold  water.  Make  the  whole 
to  a  volume  of  1  litre.  Test  the  clear  solution  for  excess  calcium  with 
K2C03  and  add  more  of  the  latter  if  necessary  to  precipitate  all  the  calcium. 
This  reagent  should  be  kept  in  the  ice  box  in  a  number  of  small  bottles,  so 
that  the  chief  source  of  supply  is  not  opened  each  day,  and  so  that  there  is 
a  minimum  of  replacement  of  solution  by  air  as  the  reagent  is  used.  The 
active  chlorme  is  estimated  before  use  and  at  intervals  of  a  few  weeks  as 
follows  :  To  5  c.c.  of  the  Javel  water  are  added  25  c.c.  of  water,  2-5  c.c.  of 
10%  potassium  iodide,  and  2  c.c.  of  glacial  acetic  acid.  The  mixture  is  then 
titrated  with  01  N  thiosulphate  which  has  been  freshly  standardised  against 
0-1  A  potassium  bi-iodate  solution. 


In  using  the  reagent,  to  each  5  c.c.  of  dilute  acid  containing  the  ammonia 
c.c.  of  the  sodium  phenate  solution  is  added  and  0-5  c.c.  of  the  Javel 
ater.  Mix,  place  in  a  boiling  water  bath  for  3  minutes,  cool  to  room 
temperature  and  compare  with  standard  in  a  colorimeter. 

The  heating  in  above  procedure  was  modified  by  Borsook  (1935) 
minutes  at  37  C.  Crismer  (1937)  used  5%  chloramine  in- 
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stead  of  the  hypochlorite  solution,  combining  2  ml.  of  the  solution 
or  examination  with  1  ml.  of  the  phenol  solution  and  3  ml.  of  the 
chloramine  and  heating  in  a  boiling  water  bath  for  10  minutes. 

After  cooling,  readings  were  taken  with  the  Pulfrich  photometer 
using  filter  S  61. 

Russell  s  procedure  with  the  phenate -hypochlorite  reagent  (1945). 

1.  Alkaline  phenate  solution.  25%  phenol  in  2-7  N  NaOH. 
Mix  25  g.  of  crystalline  phenol  with  water,  add,  with  stirring, 
54  ml.  of  5  0  A  ISaOH  to  make  to  100  ml.  Preserve  in  brown 
bottle  in  refrigerator. 

2.  Hypochlorite  solution.  Grind  and  sift  25  g.  of  Ca  hypochlorite 
(bleaching  powder,  u.s.p.)  and  dissolve  it  as  far  as  possible  in 
300  ml.  of  hot  water.  Add  with  stirring  135  ml.  of  potassium 
carbonate  solution  (20  g.  of  anhydrous  salt  in  100  ml.  solution, 
previously  boiled  to  free  it  of  ammonia).  Mix  thoroughly,  heat 
briefly  to  about  90°  C.,  cool,  and  make  to  500  ml.  Filter  a  small 
portion  of  the  mixture  and  test  for  Ca  ions  ;  if  the  test  is  positive, 
add  more  carbonate  to  the  mixture  until  a  negative  test  is  ob¬ 
tained.  Filter  the  mixture  and  store  in  the  refrigerator.  (This 
solution  should  be  water  clear  and  contain  1-30  to  1-40  g.  of 
free  Cl  per  100  ml.) 

Test  for  Ca  ions.  To  1  ml.  of  the  solution  add  a  little  of  the  K2C03 
solution  and  heat  in  boiling  water  a  few  minutes.  The  solution  should  re¬ 
main  crystal  clear  in  the  absence  of  Ca  ions. 

Test  for  free  Cl.  To  2-00  ml.  of  the  hypochlorite  add  10  ml.  water,  2  ml. 
5%  KI  and  1  ml.  glacial  acetic  acid.  Titrate  with  0-1  N  sodium  thio- 
sulphite  (starch  indicator)  ;  7-5  to  8  0  ml.  of  thiosulphite  should  be  re¬ 
quired.  Re-test  the  strength  of  the  solution  occasionally. 

3.  Manganese  solution.  Manganous  chloride  or  sulphate 
0-003  M. 

Colour  development. 

Into  a  calibrated  test  tube  or  colorimeter  tube  is  introduced 
1-5  ml.  of  the  sample  containing  0-5  to  6  yg  NH3  -N,  one  drop  of 
the  manganous  salt  solution,  1  ml.  of  the  alkaline  phenate  reagent 
and  0*5  ml.  of  hypochlorite  solution. 

The  two  latter  solutions  should  be  cold  when  added  to  the 
sample.  Loss  of  ammonia  from  the  alkaline  solution  may  be 
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further  reduced  by  keeping  the  sample  tubes  in  an  ice  bath  during 
their  preparation.  The  contents  of  the  tubes  are  mixed  by  gentle 
rotation,  and  placed  immediately  in  a  briskly  boiling  water  bath 
for  about  5  minutes,  then  cooled  and  made  up  to  a  convenient 
volume  (e.g.— 6  or  10  ml.).  Russell  then  recommends  reading  in 
a  photoelectric  colorimeter,  with  a  filter  having  an  absorption 
maximum  near  625  m/x.  Fe,  Cr  and  Mn  ions  catalyse  the  reaction 
but  the  Mn++  ions  are  best  for  the  purpose. 

It  may  be  noted  that  0-1  fig  NH3  -N  in  the  sample  gives  a  de¬ 
tectable  colour,  and  05-06  fig  NH3-N  may  be  accurately  de¬ 
termined. 

The  colour  so  developed  has  a  smooth  reproducible  absorption 
curve,  with  a  maximum  at  approximately  625  m,fi.  It  is  three 
times  as  intense  as  the  colour  developed  with  similar  ammonia 
quantities  using  previous  modifications  of  the  Berthelot  reaction. 

The  sample  for  pipetting  may  be  increased  to  large  volumes  if 
more  ammonia  is  present  than  considered  above,  the  reagents 
being  increased  in  prof>ortion.  Also,  the  sample  should  be  either 
neutral  or  with  an  acidity  not  greater  than  0-01  or  0-02  N. 

When  the  procedure  is  used  with  the  microdiffusion  technique 
described  here,  the  contents  of  the  inner  chambers  are  conven¬ 
iently  removed  with  a  bulb  pipette  into  the  graduated  tubes. 


CHAPTER  XIII 


AMMONIA.  BIOLOGICAL  DETERMINATIONS 

(1)  Ammonia  in  urine. 

0-5  to  1-0  g.  of  ammonia  nitrogen  are  excreted  per  day  by  the 
normal  human  subject,  but  as  high  as  12  g.  have  been  observed 
w  ith  diabetics.  Ammonia  must  be  formed  by  the  kidney  since,  as 
shown  b}7  the  author,  the  amount  in  the  blood  of  the  normal  rest¬ 
ing  subject  is  below  the  analytical  level  (1935).  The  rate  of  its 
excretion  is  independent  of  the  urine  volume,  but  is  closelv  related 
to  the  excretion  of  acid  and  also  related  to  the  total  nitrogen  out¬ 
put.  This  has  been  expressed  in  the  following  form  by  Rafflin 

<1926>‘  pH 

+log(NH3)  -  log (total  N)  =K. 

Hasselbalch  (1916)  considers  the  urinary  ammonia  nitrogen  ex¬ 
pressed  as  a  percentage  of  the  total  nitrogen  at  a  pH  of  5-8  (‘  re¬ 
duced  ammonia  coefficient  ’)  to  be  a  reliable  method  of  measuring 
acidosis  and  the  ability  of  the  individual  to  combat  acidosis.  The 
percentage  at  pH  of  5*8  varies  from  2-2  to  5*5,  but  is  much  more 
constant  for  the  individual. 

Principle  of  determination.  The  ammonia  concentration  of 
urine  is  comparatively  high  (but  goes  inversely  as  the  rate  at 
which  urine  is  excreted  by  the  kidneys).  The  method  with  the 
boric  reagent  is  very  suitable,  as  it  gives  results  over  the  widest 
ranges. 

Procedure.  Into  the  inner  chamber  1  ml.  of  the  boric  reagent 
with  indicator  is  roughly  pipetted,  and  0-2  ml.  of  urine  is  carefully 
pipetted  into  the  outer  chamber.  The  lid  smeared  with  fixative 
is  placed  in  position.  1  ml.  of  saturated  potassium  carbonate  is 
then  introduced  in  the  usual  way.  The  ‘  unit  is  left  on  the  bench 
for  about  40  minutes  when  the  contents  of  the  central  chamber  are 
titrated  with  N/50  HC1  from  the  Conway  burette. 

Calculation.  Each  large  division  on  the  burette  corresponds  to 
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2-8  NH3  -  N,  so  that  multiplying  the  number  of  large  divisions  by 
1-4  gives  the  milligrammes  NH3  -N  per  100  ml.  urine. 

If  the  urine  is  very  dilute,  0*5  ml.  may  be  used  in  the  outer 
chamber— and  the  £  units  ’  left  about  f  to  1  hour  before  titrating. 


(2)  The  Blood  Ammonia. 

Principle  and  introduction.  The  determination  of  the  free 
ammonia  of  normal  circulating  blood  has  long  been  regaided  as 
particularly  difficult.  The  early  literature,  dating  from  the  re¬ 
searches  of  Nencki  and  co-workers,  has  been  reviewed  by  Parnas 
and  Heller  (1924),  Parnas  and  Klisiecki  (1926),  and  the  subject  has 
been  reviewed  by  Schneller  (1928),  in  the  Ergebnisse,  and  by 
Stanoyevitch  (1938). 

Folin  and  Denis  (1912)  were  the  first  to  find  values  under  0- 1  mg. 
ammonia  N/100  ml.  If  the  special  conditions  that  affect  deter¬ 
mination  be  not  taken  into  consideration  it  is  possible  to  obtain 
results  as  high  as  2-0  mg./lOO  ml.,  and  many  published  figures  are 
of  the  order  of  0-3  mg./lOO  ml.  Table  VIII  gives  a  brief  summary 
of  the  data  published  in  recent  years. 


Table  VIII 

Observers. 

Date. 

Human  blood  ammonia 
( Venous) 

y  ammonia  N/100  ml. 

Parnas  .... 

Van  Slyke  et  al. 

Parnas  and  Klisiecki  - 
Labb6,  Nepveux  and  Hejda 
Stanoyevitch 

Folin  - 

1925 
1925-26 

1926 

1929 

1931 

1932 

30 

0-100 

26-15 

30-72  mean  47 

19-42  1 

mean  26  J  men 

17-30 

mean  23  }  women 

60-116 

(after  30  mins.) 

75—171 

Fuld  -  . 

1933 

(after  1  hour) 

28-60 

Kalk  and  Bonis 

Conway ;  Conway  and 

Cooke 

1933 

1935-39 

mean  42 

10-45 

0  (Immediate) 

44  (mean,  5  mins,  after 
shedding) 

<0  (mean,  60  mins,  after 
shedding) 
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It  will  be  seen  that  with  the  microdiffusion  method  there  would 
appear  to  be  no  free  ammonia  in  normal  circulating  blood,  which  is 
to  be  interpreted  in  the  sense  that  the  amount  is  below  the  analy¬ 
tical  level. 

In  the  microdiffusion  method  all  aeration  and  distillation  are 
avoided.  Numbers  of  determinations  can  be  rapidly  carried  out  so 
that  the  true  curve  of  ammonia  formation  from  zero  time  of 
shedding  can  be  readily  obtained.  From  zero  up  to  five  minutes 
aftei  shedding  (see  Fig.  30)  the  ammonia  content  of  human  blood 
rises  in  a  steep  curve  up  to  a  mean  of  46  fig  ammonia  N/ 100  ml. 
Fig.  31  ( a ,  b,  c)  illustrates  the  course  of  ammonia  development  in 
single  samples  (man,  rabbit  and  fowl).  The  first  stage  in  ammonia 
development  in  shed  blood  has  been  termed  the  ‘  alpha  ’  ammonia 
by  the  writer  and  forms  on  the  liberation  of  carbon  dioxide.  From 
five  minutes  onwards  there  is  a  slow  formation  of  ammonia 
(Fig.  31)  representing  at  room  temperature  (16°)  about  0-43  fig 
NH3-N/IOO  ml.  blood  per  minute  for  the  human  subject.  The 
rate  of  formation  is  considerably  affected  by  temperature,  being 
0-97  fig  NH3  -N/100  ml.  per  minute  at  24°  C.  This  ‘  beta  ’  am¬ 
monia  is  very  largely  accounted  for  by  the  breakdown  of  adenyl- 
pyrophosphate,  mainly  through  adenosine  in  shed  blood  with 
escape  of  C02,  but  mainly  from  adenylic  acid  if  C02  tension  be 
maintained.  A  third  form  derives  from  a  precursor  in  plasma  and 
corpuscles  and  its  formation  is  best  studied  in  separated  plasma  in 
which  no  ammonia  derives  from  a.t.p.  or  adenylic  acid  after 
shedding.  Evidence  was  given  (Conway  and  Cooke,  1939)  that 
this  ammonia  derived  from  adenosine  after  dephosphorylation  of  a 
substance  different  from  muscle  adenylic  acid  and  which  appeared 
to  be  vegetable  adenylic  acid.  It  is  of  interest  that  Archibald 
(1944)  has  shown  that  part  of  this  ammonia  moiety  is  due  to 
glutamine. 

Koprowski  and  Uninski  (1939),  using  the  microdiffusion  tech¬ 
nique  described  here,  have  shown  that  the  ammonia  content  of 
dog’s  blood  and  its  development  after  shedding  are  similar  to  that 
for  the  human  subject.  Florkin  and  co-workers  (1938—1940)  also 
with  the  same  technique  have  made  observations  of  biological 
interest  on  invertebrate  blood.  They  have  found  a  relatively  high 
blood  ammonia  in  the  lobster,  crayfish  and  snail  (0- 7-2-0  mg. 
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NH,  -N/100  ml.)  which  remained  steady  for  30-80  minutes  aftei 
shedding.  There  was  much  less  ammonia  in  the  blood  of  the 
mussel  (0-05  to  0-07  mg./ 100  ml.)  and  its  value  after  shedding 
shows  a  curious  augmentation  and  diminution.  The  blood  of 
insects  (dytiscus,  hydrophilus)  like  that  of  man,  dog,  etc.,  had  no 
measurable  ammonia  content.  After  shedding  there  was  a  rapid 
rise  to  high  levels  (2-3  mg.  NH3  -  N/100  ml.). 

In  the  formation  of  the  4  beta  ’  ammonia  after  shedding  a  curious 
phasic  formation  is  evident  for  human  blood  at  38°  (Conway  and 
Cooke,  1939)  and  this  phasic  formation  occurs  for  the  rabbit’s 
blood  at  room  temperature,  the  rate  of  formation  being  here  much 
more  rapid  than  for  man.  The  phasic  formation  appears  generally 
characteristic  as  it  is  evident  also  in  fowl’s  blood. 

That  preformed  ammonia  is  present  in  measurable  amounts  after 
exercise  and  in  certain  diseased  conditions  is  very  likely,  but  has 
not  been  investigated  so  far  by  the  microdiffusion  technique. 
Whatever  stage  of  formation  it  is  desired  to  examine  or  what¬ 
ever  conditions  with  regard  to  their  influence  on  the  preformed 
ammonia,  the  procedure  here  described  will  be  found  suitable, 
with  slight  alterations  according  to  the  conditions. 

Referring  briefly  to  other  methods  of  blood  ammonia  determina¬ 
tions,  it  may  be  said  that  these  are  either  developments  of  the 
original  Folin  technique  (e.g.  Nash  and  Benedict  (1921),  using 
special  absorbers)  or  a  steam  distillation  method  elaborated  by 
Parnas  and  Wagner  (1921).  The  ammonia  for  5  ml.  blood— or 
2  ml.  as  with  the  Parnas-Wagner  method — is  finally  present  in 
about  4  or  5  ml.  fluid.  It  is  then  colorimetrically  determined  after 
adding  Nessler  s  reagent.  Considerable  differences  exist  in  the 
reports  of  the  delicacy  of  this  reagent  for  such  a  purpose.  Van 
Sh  ke  and  Hiller  (1933)  state  that  0-001  mg.  ammonia  nitrogen 
(the  ammonia  from  5  ml.  blood  containing  0-020  mg.  ammonia 
N/100  ml.)  in  5  ml.  fluid  is  not  visible  at  all  with  the  Nessler 
reagent.  Parnas  and  Heller,  on  the  other  hand  (1924),  claim  to  be 
able  to  detect  the  difference  between  0-001  and  0-0009  mg. 
ammonia  N  in  5  ml.  (corresponding  to  the  ammonia  from  2  ml 
blood  containing  0-050  mg./lOO  ml.).  This  latter  would  in  any 
case  seem  quite  workable  in  general  with  the  spectrophoto- 
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Van  Slyke  and  Hiller  (1933)  made  use  later  of  the  phenate 
Hypochlorite  reagent  as  already  described. 

In  the  method  to  be  described  ( following  the  general  ammonia  de¬ 
terminations  of  Range  III),  using  the  hydrochloric-barium- 
lydroxide  procedure,  the  ammonia  is  finally  present  in  0-7  ml.  of 
a  0-0002  N  hydrochloric  acid  solution  in  which  is  incorporated  the 
indicator  as  described.  The  titration  error  here  sets  the  limit  of 
delicacy  for  the  determination  since  no  appreciable  error  is  intro¬ 
duced  by  the  ammonia  absorption  itself.  The  titration  error  of 
0-7  ml.  iV/5000  acid  (with  indicator,  see  below)  with  0-9  ml.  final 
fluid  corresponds  to  0-02  y  ammonia  N  as  a  standard  deviation 
and  for  1  ml.  of  original  fluid  investigated  is  equivalent 
to  0-002  mg./lOO  ml.  When  blood  is  used  and  the  absorption 
time  is  limited  the  error  is  0-003-0-004  mg./lOO  ml.  This  is 
approximately  five  times  more  delicate  than  the  method  of 
Van  Slyke  and  Hiller  (1933)  and  permits  the  same  accuracy 
using  only  1  ml.  blood  or  0-5  ml. — as  will  appear — instead  of 
five. 

In  the  ordinary  use  of  the  *  unit  ’  the  absorption  at  room  tem¬ 
perature  takes  two  hours  under  such  conditions,  which  is  too  long 
a  period  for  blood  ammonia  determinations  as  there  is  a  steady 
formation  of  ammonia  in  the  presence  of  the  alkali.  When  we  con¬ 
sider,  however,  that  each  *  unit  ’  is  turned  out  from  the  same  mould 
with  the  same  dimensions  and  surface  relations,  and  further,  that 
since  after  the  first  few  seconds  the  fluid  surfaces  are  perfectly  still,  a 
uniform  passage  of  ammonia  may  be  expected  and  in  fact  occurs.  An 
error  of  less  than  5 %  is  introduced  by  cutting  short  the  absorption 
to  about  the  half  period,  but  less  than  1-2%  when  allowed  to  go  to 
83%  absorption  {as  with  0-5  ml.  blood  and  0-5  ml.  saturated  car¬ 
bonate  for  20  minutes).  Whatever  accuracy  may  be  lost  here  is 
more  than  compensated  for  in  comparison  with  other  methods  by 
the  entire  freedom  from  contamination  during  the  absorption 
period.  In  10  minutes  approximately  42%  of  the  ammonia  is 
absorbed  at  room  temperature  with  1  ml.  blood  plus  1  ml. 
carbonate  and  83%  with  0-5  ml.  blood  and  0-5  ml.  carbonate. 
The  ammonia  formation  in  the  presence  of  the  alkali  over  this 
period  is  comparatively  small,  and  can  be  accurately  allowed 
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Procedure. 

Preparation  of  ‘  units  ’.  The  whole  success  of  the  method  de¬ 
pends  on  the  £  units  ’  being  properly  cleaned  in  the  manner  already 
described.  The  reagents  of  Range  III  (Table  V)  are  used  with  this 
method  and  the  number  of  ‘  units  ’  required  are  prepared  up  to 
the  point  of  introducing  the  blood  into  the  outer  chamber  and  left 
aside  for  about  twenty  minutes  before  using. 

The  saturated  carbonate  may  be  introduced  before  or  after  the 
introduction  of  the  blood  into  the  outer  chamber,  depending  on 
the  speed  with  which  the  determinations  are  required  after 
shedding.  If  required  immediately  after  the  blood  is  shed  it  is 
convenient  to  have  the  ‘  units  ’  prepared  with  all  additions — acid 
and  carbonate  and  lid  in  position — thus  allowing  for  a  very  rapid 
blood  determination.  (If  the  determination  is  not  required  until 
five  or  ten  minutes  have  elapsed  after  shedding,  it  is  better  to  add 
the  blood  first  to  be  followed  by  carbonate.)  Allowing  twenty 
minutes  after  the  ‘  units  ’  are  prepared  and  before  blood  intro¬ 
duction  will  ensure  the  absorption  of  small  traces  of  ammonia 
that  may  possibly  exist  in  carbonate  and  fixative. 

To  obtain  the  maximum  possible  accuracy,  and  to  ensure  com¬ 
pletely  that  no  contamination  of  any  kind  will  interfere  during  the 
absorption  period,  a  number  of  ‘  units  ’  may  be  prepared  with 
every  addition  except  the  blood  and  left  aside  for  twenty  minutes 
or  half  an  hour.  At  the  end  of  this  period  the  lids  are  detached  in 
succession,  the  central  acid  being  titrated  to  neutrality,  the 
mixture  being  then  sucked  out — using  a  filter  pump  and  pyrex 
tube — a  refill  of  acid  made,  and  the  lid  replaced. 

The  acid  is  introduced  as  0-7  ml.  from  a  pyrex  tube  pipette. 
This  amount  will  be  found  to  cover  the  surface  of  the  internal 
chamber,  when  the  ‘  units  ’  have  been  carefully  cleaned. 

Collection  and  introduction  of  the  blood.  The  manner  of  collection 
depends  on  the  object  of  the  determination.  When  human  venous 
blood  from  the  normal  resting  subject  is  received  into  alveolar  air 
there  is  no  apparent  free  ammonia  (Fig.  30). 

If  the  blood  is  allowed  to  drop  through  the  air  into  a  container 
ammonia  forms,  as  already  described,  to  reach  in  about  five 
minutes  (Fig.  31)  a  level  of  0-46  ‘  micrils  ’  NH3-N,  rising  then 
slowly  from  this  point  onwards. 
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If  the  ammonia  content  after  five  minutes  from  shedding  is 
required  and  this  will  correspond  to  the  other  methods  at 
present  in  use  a  few  ml.  of  blood  are  taken  from  an  arm  vein  in  a 
syringe  specially  cleaned,  and  then  this  blood  is  introduced  into 
a  small  tube  or  flask  with  a  little  ammonia-free  potassium  oxalate. 


Fig.  30.  A  represents  the  blood  ammonia  formation  for  two  human 
subjects,  the  blood  being  collected  in  an  open  Erlenmeyer  flask.  Curve 
B  gives  the  formation  of  ammonia  in  blood  from  the  same  two  subjects 
collected  in  alveolar  air.  Curve  C  represents  the  blood  ammonia  forma¬ 
tion  after  collection  in  pure  carbon  dioxide  at  atmospheric  pressure  for 
one  subject,  the  curve  representing  the  mean  line  through  1 1  determina¬ 
tions  made  up  to  128  mins,  after  shedding.  Concentrations  given  as 
‘  Micrils  ’  or  gg  per  ml.  (Biochem.  J 29,  2755). 


allowed  to  flow  directly  from  the  vein  through  a  hypodermic 
needle  (the  syringe  being  removed)  into  a  small  flask  containing 
a  little  oxalate.  A  rubber  tourniquet  tied  around  the  arm  above 
the  elbow  will  assist  in  distending  the  veins  and  securing  the 
necessary  pressure,  the  tourniquet  being  immediately  loosened 
when  enough  is  taken  and  the  arm  flexed  on  a  piece  of  cotton  w  ool 
soaked  in  alcohol  and  pressed  on  the  site  of  the  puncture. 

If  the  blood  is  being  received  into  alveolar  air,  a  tonometer  of 
about  200  ml.  capacity  or  larger  and  containing  a  little  oxalate  is 
filled  with  alveolar  air,  and  the  hypodermic  needle  to  be  intro- 
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duced  is  attached  to  a  long  tube  (best  coated  internally  with 
paraffin),  the  syringe  not  being  used  here  for  assistance  in  entering 
the  vein.  The  first  drops  of  blood  may  be  discarded  and  then  the 
tube  inserted  down  into  the  tonometer,  the  stopper  of  which  has 
been  removed  immediately  before. 


and  rabbit  <"«— > 


Fig.  3 Jo.  Serial  curves  of  blood  ammonia  for  man. 
Fig.  3 1  b.  Serial  curves  of  blood  ammonia  for  rabbit 
tie.  31c.  Serial  curves  of  blood  ammonia  for  fowl. 


ntroduction  of  the  blood  after  collecting ,  etc.  The  “units  ’  bein, 
previously  completely  prepared,  with  the  carbonate  alread! 
present  m  the  outer  chamber,  1  ml.  of  the  blood  is  pipetted  therein 
the  tune  bemg  noted  and  the  contents  mixed  by  rotation  15  time 
about  as  many  seconds.  After  allowing  the  absorption  t, 
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proceed  for  ten  minutes  the  lid  is  removed  and  the  content  of 
inner  chamber  titrated.  At  least  one  blank  ‘  unit  ’  is  titrated  and 
one  control  set  up  in  a  similar  way.  The  control  may  suitably 
consist  of  1  ml.  of  standard  solution  containing  2  ‘  micrils  ’ 
NH.3  -  N. 

The  titration  is  carried  out  in  the  ordinary  way,  using  a  fine 
pyrex  glass  rod.  A  colour  change  will  be  evident  at  the  end-point 
with  an  addition  corresponding  to  2  or  at  most  3  small  divisions. 
Accuracy  in  determining  the  end-point  will  be  increased  with  a 
little  experience.  A  very  faint  green  appearing  in  an  almost 
colourless  solution  when  titrating  with  the  barium  hydroxide 
solution  is  preferred  by  the  writer  as  the  end-point  to  be  aimed  at. 
Solutions  required. 

The  absorption  acid  and  titrating  alkali  are  those  of  Range  III  (Table  V, 
p.  89,  under  general  ammonia  method). 

The  only  additional  material  required  is  : 

Oxalate  {ammonia-free) .  About  50  ml.  of  a  strong  solution  of  potassium 
oxalate  are  evaporated  in  an  open  pyrex  dish  after  bringing  to  a  pH  of  10 
or  1 1  by  adding  a  little  alkali,  the  reaction  being  tested  by  a  universal 
indicator.  The  water  volume  is  maintained  by  occasional  addition.  The 
mixture  is  kept  boiling  for  about  10  minutes  and  then  evaporated  imtil  the 
solid  separates  ;  after  cooling,  the  crystals  are  filtered  off  on  a  small 
Buchner  funnel  and  preserved  in  a  desiccator. 

The  fixative.  The  same  fixative  is  used  here  as  for  chloride  determina¬ 
tions  (4) :  40-50  g.  paraffin  (m.p.  about  40°)  are  melted  with  80  ml.  of  pure 
liquid  paraffin  and  cooled.  Vaseline  should  not  be  used,  as  it  contains 
traces  of  ammonia. 

2  ‘ micrils ’  (pg/ ml.)  NH3-N  control  solution.  0-471  g.  of  pure  (NH4)2S04 
is  dissolved  and  made  up  to  a  litre  with  distilled  water.  2  ml.  of  this  stock 
is  diluted  to  100  ml. 

Calculation  of  the  blood  ammonia.  This  is  based  on  the  result  of  the 
control  ammonia.  The  number  of  large  divisions  on  the  burette 
corresponding  to  the  blood  ammonia  is  divided  by  the  number  for 
the  control  and  the  result  multiplied  by  2-0.  This  must  at  the 
same  time  be  multiplied  also  by  1-15  (where  ten  minutes  are 
allowed  for  the  absorption)  owing  to  the  fact  that  the  ammonia 
comes  over  somewhat  more  rapidly  from  a  water-carbonate  mix¬ 
ture  than  from  a  blood-carbonate  mixture.  (These  rates  were  at 
first  considered  to  be  the  same  but  a  fuller  investigation  under  im¬ 
proved  conditions  gave  the  factors  shown  in  Table  IX.) 
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A  bsorption 
time. 
Mins. 

Ratio  of 
ammonia 
absorbed 
from  water- 
carbonate 
to  that  from 
blood- 
carbonate 
mixture. 

The  absorption 
as  an  approx, 
percentage 
of  the  total 
ammonia  in 
the  aqueous 

solution. 

0/ 

/o 

10 

1-15 

52 

12 

1-14 

57 

14 

1-12 

61-5 

16 

Ml 

65-5 

18 

Ml 

69 

20 

Ml 

72 

Allowances  in  the  final 
result  for  the  special 
deaminating  action 
of  the  alkali, 
y  ammonia  iV/100  ml. 
blood  at 

25°  20°  15°  10°  0°  C. 


11  7  4  3  1 

14  8  5  3  1 

16  10  6  4  2 

19  12  7  5  2 

22  14  9  5  2 

25  16  10  6  2 


In  the  above  table  made  out  for  the  pyrex  ‘  unit  ’  as  made  by  Messrs. 
A.  Gallenkamp,  London,  it  is  understood  that  1  ml.  blood  or  water  is 
added  to  1  ml.  of  saturated  potassium  carbonate  in  the  outer  chamber 
from  pipettes  exactly  calibrated  for  this  purpose,  and  that  the  mixing  is 
carried  out  with  a  fixed  routine  of  fifteen  rotations  in  approximately 
15  seconds.  The  allowances  in  the  fourth  column  for  the  special  deami¬ 
nating  action  of  the  alkali  have  a  temperature  coefficient  of  10%  per  degree 
(from  the  Biochem.  J.  Vol.  XXXIII,  p.  457,  1939). 


An  allowance  must  also  be  made  for  the  ammonia  formed  by 
the  action  of  the  alkali  on  the  blood  and  absorbed  in  the  given 
time.  Such  allowances  are  given  in  Table  IX,  and  are  listed  for 
different  room  temperatures.  An  example  will  show  clearly  how 
the  calculation  is  made. 


Example.  (All  titrations  carried  out  in  duplicate,  and  the  control 
solution  containing  2  ‘  microgrammils  ’  NH3  -  N.) 

Titration  of  blank  unit  -  35-6  large  divs. 

Titration  of  ‘  analytical  ’  unit  -  -  .  31-3 

Titration  of  *  control  ’  unit  -  .  .  14-2 

Time  of  absorption . 10  minutes.  ” 

Room  temperature  -  -  .  .  -  1 5°  C 

The  amount  of  the  absorption  in  the  analytical  unit  corresponds  to 
35-6-31-3  or  to  4-3,  and  in  the  control  of  21-4  large  divisions  (each  large 
division  of  the  burette  corresponds  to  0-01  ml.  of  the  solution  of  Range  III). 

Calculation:  x  MS  x  2-0  =  0-462  ‘  micrils  •  NH3-N.  The  factor 

derives  from  Table  IX  and  2-0  represents  the  control 

toaZ  for  rS  Val“Yf  0  462  ‘micrils'  NH»-N  0-0*  is  subtracted 
Tabie  lX  coZnT  °f  » 
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Before  titrating  with  the  barium  hydroxide  it  is  advisable  to 
run  out  about  7-10  ml.  from  the  burette,  and  also  to  have  the 
cork  of  the  reservoir  bottle  and  of  the  soda-lime  guard  painted 
and  sealed  with  melted  paraffin.  It  will  be  seen  that  in  the  use 
of  the  method  the  exact  strength  of  the  barium  hydroxide  is  of  no 
consequence. 

(3)  Determination  of  the  total  ammonia  formed  after  24  hours 
in  sterile  blood  at  room  temperature  or  after  some  hours  action 

at  38°.  After  24  hours  at  room  temperature  the  amount  in 
human  blood  is  approximately  0-7  mg.  N/100  ml.,  deriving  mainly 
from  the  breakdown  of  adenylpyrophosphoric  acid  (it  is  approxi¬ 
mately  1-8  mg.  N/100  ml.  in  rabbit’s  blood).  The  ammonia 
formed  by  the  action  of  the  alkali  may  be  neglected.  Using  the 
method  of  suspended  absorption,  the  mean  of  a  duplicate  deter¬ 
mination  may  be  relied  on  to  within  2-3%  error.  Much  smaller 
volumes  of  the  blood  may  be  used  with  1  ml.  of  saturated  car¬ 
bonate  and  enough  time  allowed  for  the  total  absorption.  Solu¬ 
tions  of  Range  II  would  then  be  appropriate. 

A  suitable  procedure  here  would  consist  in  using  0-2  ml.  of  the 
blood  and  1  ml.  saturated  carbonate  and  allowing  the  absorption 
to  proceed  for  45  minutes,  in  which  time  with  these  volumes  the 
absorption  is  complete.  Solutions  of  Range  II  could  be  used  with 
respect  to  the  acid  and  alkali. 

Alternatively  0-1  ml.  blood  and  1  ml.  carbonate  may  be  used 
with  solutions  of  Range  III.  ( Vide  p.  89). 

(4)  The  preformed  ammonia  in  muscle. 

From  the  moment  of  its  excision  from  the  animal  ammonia 
begins  to  form  in  muscle,  and  if  the  muscle  be  ground  with  water 
or  saline  the  rapidity  of  the  formation  is  enormously  accelerated, 
passing  from  an  apparent  value  of  approximately  7  to  40-60 
‘  micrils  ’  NH3  -  N  within  five  minutes.  Its  ammonia  con¬ 
tent  also  increases  during  activity  as  is  now  well  known  from 
the  work  of  Embden  (1926,  1927)  and,  later,  of  Parnas  (1927). 
As  it  is  necessary  to  have  the  muscle  finely  divided,  chemical  or 
physical  measures  must  be  taken  to  prevent  the  formation  during 
this  division.  In  the  method  of  Embden  (1928),  who  discovered 
adenylic  acid  in  muscle  (now  known  to  be  combined  with  phos- 
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phoric  acid)  and  showed  it  to  be  at  least  the  chief  mother  sub¬ 
stance  of  the  formed  ammonia,  the  muscle  is  firstly  frozen  by 
immersion  in  liquid  air  contained  in  a  Dewar  flask,  the  muscle 
being  held  under  the  surface  of  the  liquid  by  a  forceps  to  ensure 
rapid  freezing,  after  which  it  is  ground  in  a  fold  of  linen  or  muslin 
in  a  mortar — which  may  in  turn  be  cooled  with  some  liquid  air. 

The  powder  is  then  introduced  into  weighed  glass-stoppered 
vessels  containing  a  measured  amount  of  4  or  1%  hydrochloric 
acid  (somewhat  modified  in  later  experiments).  This  fluid  is  con¬ 
sidered  to  stop  any  further  ammonia  formation,  prior  to  the 
ammonia  determination. 

The  ammonia  method  used  by  Embden  is  a  modification  of  the 
old  method  of  Nencki  and  Zaleski,  in  which  distillation  was  carried 
out  in  vacuo  after  the  addition  of  excess  magnesium  oxide  at  a 
temperature  of  30°  (immersion  in  water  bath).  In  the  modification 
ground  glass  joints  are  used  and  the  distillate  (with  air  current 
sufficient  to  produce  a  positive  pressure  of  about  11  mm.)  re¬ 
ceived  into  5  ml.  or  so  of  standard  acid  containing  some  Tashiro’s 
reagent.  The  distillation  procedure  is  continued  for  35  minutes. 
It  may  also  be  noted  that  the  magnesium  oxide  is  added  as  15  ml. 
of  a  suspension  containing  2  g.  of  the  light  magnesium  oxide. 

The  method  of  Embden  may  now  be  considered  as  chiefly  of 
historical  interest. 

In  the  method  of  Parnas  (1921,  1924,  1927,  1934),  instead  of 
freezing  in  liquid  air  the  tissue  is  rubbed  with  a  cold  saturated 
borax  solution.  In  the  procedure  a  rough,  deep  glass  mortar 
and  a  very  large  pestle  are  used.  At  the  bottom  of  the  mortar  is 
a  little  quartz  sand,  sharp  and  granulated,  and  a  few  c.c.  of  cold 
saturated  borax  solution,  previously  boiled  and  ammonia-free. 
The  muscle  is  thrown  in  and  squashed  as  quickly  as  possible  with 
a  strong  pressing  and  rubbing  motion.  Experience  must  be 
acquired,  but  offers  no  difficulty.  The  method  is  suitable  only  for 
small  muscles.  Note  that  the  ammonia  content  in  grinding  in  the 
ordinary  way  averages  4  to  6  mg.%  and  with  the  borax  solution 
one  finds  0-4  to  1-0  mg.%,  mostly  0-6  to  0-7  mg.%.  Similar  re¬ 
sults  are  got  after  freezing  in  liquid  air  and  then  proceeding  to  the 
borax  grinding.  The  subsequent  ammonia  is  then  determined  by 
the  well-known  Parnas  method  as  modified  in  later  adaptations' 
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Microdiffusion  method  for  determining  the  preformed  tissue 
ammonia. 

I  reparation  of  ‘  units  ’,  etc.  These  are  prepared  as  for  deter¬ 
mining  the  ammonia  content  of  blood,  the  solution  of  the  Range 
III,  Table  V,  being  used  in  the  burette.  The  saturated  carbonate 
may  be  introduced  beforehand  into  the  outer  chamber  or  added 
after  the  introduction  of  the  muscle-phosphate  mixture.  As  with 
the  blood  ammonia,  where  the  highest  accuracy  is  required  the 
‘  units  ’  may  be  firstly  prepared,  the  central  chamber  titrated 
after  30  minutes  and  the  contents  sucked  out,  being  replaced  by  a 
fresh  acid  delivery.  Such  a  procedure,  however,  is  unnecessary,  if 
the  fixative  is  absolutely  free  of  ammonia  and  if  the  £  units  ’  have 
been  carefully  cleaned. 

Preparation  of  tissue  suspension  and  ammonia  determination. 
Here  use  is  made  of  the  fact  first  discovered  by  Parnas  et  al. 
(1934,  1935),  that  phosphate  suspends  the  ammonia  formation  in 
muscle  extracts  for  upwards  of  half  an  hour,  but  the  method  is  also 
applicable,  with  suitable  modification,  to  tissues  prepared  by 
freezing  in  liquid  air.  Taking  the  gastrocnemius  of  the  Rana 
temporaria,  for  example,  this  is  excised  immediately  after  the 
killing  of  the  animal  or  subsequent  to  whatever  conditions  have 
been  allowed  to  act  on  it.  It  is  quickly  weighed  on  a  tared  watch 
glass  and  introduced  into  2-0  ml.  of  Mj  10  phosphate  and  some 
fine  quartz  sand  (Merck’s  purest)  in  a  small  clean  mortar.  The 
phosphate  solution  is  formed  by  mixing  equal  volumes  of  M/10 
alkaline  and  acid  phosphate.  The  pH  of  this  mixture  is  approxi¬ 
mately  6-8.  Immediately  after  introducing  the  muscle  into  the 
phosphate  it  is  ground  with  as  large  a  pestle  as  convenient,  the 
grinding  being  conducted  as  rapidly  and  efficiently  as  possible. 
When  the  muscle  is  thoroughly  ground  the  mixture  is  poured  into 
a  small  clean  tube  and  allowed  to  settle  for  about  one  minute, 
when  duplicate  0-5  ml.  volumes,  either  directly  or  after  clearing 
by  centrifuging,  are  pipetted  off  into  the  outer  chamber  of  pre¬ 
pared  ‘  units  ’  already  containing  1  ml.  saturated  potassium 
carbonate  (though  this  may  be  added  subsequently). 

The  ‘  units  ’  after  mixing  contents  of  outer  chamber,  are  left 
aside  on  bench  for  1  hour  and  then  titrated.  Alternatively,  if  a 
quick  result  is  desired,  the  absorption  is  suspended  after  20  minutes, 


AMMONIA  —  BIOLOGICAL  METHODS  121 

when  93%  of  the  ammonia  will  have  come  over.  The  suspension  will 
here  occur  at  a  region  of  the  absorption  curve  when  the  change 


with  time  is  small. 

Possibilities  of  the  method  with  the  ammonia  absorption  and  titra¬ 
tion.  Concerning  the  ammonia  absorption,  it  is  clear  from  accounts 
of  previous  determinations  that  this  offers  no  difficulty,  but 
proceeds  automatically  and  after  1  hour  is  complete  under  the  con¬ 
ditions  (93%  after  20  minutes). 

The  titration  possibilities  are  such  that  1  fig  ammonia  N  can  be 
determined  to  a  standard  deviation  of  0-02  fig.  1  fig  ammonia  N 
corresponds  to  about  20  large  burette  divisions  of  Range  III  solu¬ 
tion  and  is  contained  in  about  0T  g.  resting  muscle  of  frog.  If 
0-5  ml.  extract  is  pipetted  into  the  outer  chamber  and  contains 
1  fig  ammonia  N,  this  means  a  dilution  of  about  1  in  5.  The 
dilution  in  the  above  procedure  will  be  about  this  order— usually 
somewhat  greater. 

Results  obtained  for  muscle  with  the  above  method.  The  average 
of  25  determinations,  using  phosphate  as  above,  was  0-72  mg.% 
NH3  —  N  with  a  standard  deviation  of  0-05.  Later  series  gave 
higher  mean  values— about  1-2  mg.%.  The  mean  of  a  large  number 
of  determinations  by  Parnas  and  co-workers  was  0-85  mg.% 
^sH3  —  X.  There  was  no  significant  difference  found  by  him  using 
cold  saturated  borax  solution  and  a  previous  freezing  in  liquid  air. 

Further  studies  on  the  ammonia  content  of  fresh  resting 
muscle  made  here  (O’Brien,  1941)  show  that  the  fresh  resting 
muscle  of  the  rabbit  (the  animal  being  instantly  killed)  gives  an 
average  gross  value  of  0-39  mg./lOO  g.,  but  as  will  be  described 
elsewhere,  much  of  this  would  appear  due  to  ammonia  formed 
in  grinding  the  mammalian  muscle.  This  has  been  estimated 
at  0-25  mg./lOO  g.  so  that  0-14  mg.  (or  possibly  less)  exist  as  free 
ammonia  in  the  normal  resting  rabbit  muscle. 


If  in  rabbit  muscle  the  ammonium  ion  is  concentrated  simi- 
larly  to  the  potassium  ion  in  vivo,  or  about  30  times,  then  we  could 
expect  a  blood  ammonia  figure  of  about  0-004  mg./lOO  g  or  at 
about  the  level  analytically  determinable.  This  is  in  reasonable 
agreement  with  the  direct  estimations  of  the  blood  ammonia 
Alternative  method  for  preformed  ammonia  in  muscle.  The 
following  method  for  the  ammonia  in  frogs’  sartorii  was  invest; 
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gated  and  found  so  far  very  suitable  (using  solutions  of  Range  III). 
The  sartorn  muscles  (1  or  2)  after  weighing  quickly  are  transferred 
to  the  outer  chamber  of  a  prepared  ‘  unit  ’  as  above,  and  the  lid 
placed  in  position.  The  2  ml.  of  saturated  potassium  carbonate 
are  run  into  the  outer  chamber  and  the  contents  mixed  by  rota¬ 
tion.  Such  units  are  rotated  after  each  10  minutes  and  titrated 
after  30  minutes.  The  saturated  carbonate  rapidly  breaks  through 
the  membrane  system  of  the  muscle  fibres  liberating  the  ammonia, 
and  owing  to  the  relatively  high  proportion  of  saturated  carbonate 
to  muscle  fluid,  the  ammonia  is  rapidly  given  off  and  absorbed. 
For  this  very  simple  and  accurate  method  it  is  advisable  that  the 
size  of  the  tissue  be  not  more  than  about  50-60  mg. 

(5)  Determination  of  the  total  ammonia  formation  in  muscle. 
(See  subsequently  the  adenylpyrophosphate  determination.) 
This  follows  simply  from  the  previous  description,  the  ammonia 
content  of  the  muscle  here  being  upwards  of  ten  times 
greater.  A  considerably  greater  dilution  of  the  muscle  sus¬ 
pension  may  be  used  to  keep  within  Range  III  or  the  same 
dilution  with  Range  II  solutions,  the  latter  giving  more  accurate 
results. 

We  can  proceed  in  a  variety  of  ways,  remembering  that  each  g. 
of  muscle  will  give  about  50  y  ammonia  N.  Thus  with  a  1/5 
extract  0-5  ml.  in  the  outer  chamber  will  give  5  y  or  16*7  large 
divisions  with  solutions  of  Range  II.  With  0-5  ml.  in  the  outer 
chamber  with  1  ml.  carbonate,  1  hour  may  be  given  for  complete 
absorption  at  room  temperature. 

The  absorption  rate  of  ammonia  from  muscle  extract  is  the 
same  as  from  water. 

(6)  Ammonia  content  of  natural  waters  (e.g.  water  from 
rivers,  springs,  etc.).  Table  X  gives  amount  in  different  kinds 
of  natural  water,  and  the  present  method  may  be  used  when  a 
titration  procedure  is  preferred  to  Nesslerisation. 

For  these  ammonia  determinations  the  solutions  for  the  third 
or  lowest  Range  are  used,  each  large  division  on  the  burette  being 
equivalent  to  0-050  y  ammonia  N,  or  when  1  ml.  of  the  water  is 
being  used  for  the  analyses  to  0-05  ‘  micrils  ’.  Blank  determina¬ 
tions  are  carried  out  at  the  same  time. 
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Table  X 


Water. 

Ammonia 
content 
‘  rnicril  ’  N. 

References. 

Rain  water 

0-3  -4-2 

Boussingault  (1853)  ;  Smith  (1872). 

River  water  - 

001  -  40 

Boussingault  (1854). 

0-58-  1-9 

Knop  (1868). 

Sea  water 

013-0-9 

Audoynaud  (1875)  ;  Dieulafait 

(11.4  observed  in 

(1878)  ;  Thorpe  and  Morton 

Adriatic) 

(1870)  ;  Vierthaler  (1867). 

0-00- 0-10 
(Irish  Sea  off  Dim 
Laoghaire) 

Conway  (1944). 

Spring  water  - 

Generally  lower 

than  river  or  sea 
water. 

Mellor  (1928). 

Into  the  outer  chamber  is  introduced  1  ml.  of  the  natural  water, 
mixed  and  allowed  to  stand  2  hours  at  room  temperature.  If  a 
rapid  result  is  desired  the  absorption  is  cut  short  after  10  minutes 
by  removing  the  lid  and  titrating,  the  ammonia  found  being  then 
multiplied  by  1-95  at  18°  C.,  with  a  decrease  of  2%  in  factor  for 
every  degree  increase  in  temperature.  This  latter  procedure  in¬ 
volves  at  most  a  5%  error  in  the  ammonia,  which  for  the  minute 
quantities  in  this  determination  may  be  considered  negligible. 

Calculation.  Each  large  division  on  burette  is  equivalent  to 
0-05  y  ammonia  N.  This  value  will  need  to  be  corrected  by  a 
factor  found  by  titrating  one  or  two  acid  deliveries.  When  1  ml. 
of  the  water  is  used  each  large  burette  division  represents  0-05 
micrils,’  mg.  per  litre  or  parts  per  million. 

Solutions.  Range  III  solutions  (Table  V,  p.  89). 
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TOTAL  NITROGEN.  (OVER  100  M  N) 

When  large  numbers  of  determinations  of  total  nitrogen  are  being 
carried  out  either  of  macro  or  micro  kind,  the  microdiffusion 
principle,  in  conjunction  with  the  Kjeldahl  digestion,  is  of  value  in 
considerably  diminishing  the  work  in  such  serial  determinations, 
and  also  for  all  micro  ranges  increases  the  accuracy  of  the  pro¬ 
cedure  (e.g.  Bentley  and  Kirk,  1937). 

The  volumetric  accuracy  need  not  fall  below  that  for  the  tradi¬ 
tional  full  macro  determination,  as  shown  in  Part  III,  and  it  is 
evident  at  the  same  time  that  the  elimination  of  the  usual  dis¬ 
tillation  removes  an  important  source  of  error.  With  quantities 
as  low  as  1  fxg  N,  Tompkins  and  Kirk  (1942)  have  reported  errors 
of  only  0-3%. 

In  this  chapter  some  methods  of  practical  value  for  nitrogen 
quantities  above  100  iig  N  will  be  described. 

In  the  incineration  process  the  use  of  certain  catalysts  in  excess 
should  be  avoided — for  example,  copper  sulphate,  since  it  slows 
the  absorption  considerably  when  in  comparatively  high  concen¬ 
tration.  It  may  still  be  used  when  in  small  quantities  of  0-1% 
solution.  Copper  is  not  so  good  a  catalyst  as  mercury,  selenium, 
tellurium,  titanium,  or  iron,  as  shown  by  Osborn  and  Wilkie 
(1933)  in  an  extensive  analysis  of  the  catalytic  action  of  various 
metals,  etc.,  in  Kjeldahl  incinerations.  They  found  mercury  to  be 
the  best  catalyst  but  it  is  inconvenient  owing  to  the  necessity  of 
removing  it  as  sulphide  before  distillation,  and  is  unsuitable  for 
the  microdiffusion  procedure. 

Kirk  (1947)  has  recently  reviewed  the  extensive  literature  on 
the  use  of  catalysts  in  the  Kjeldahl  digestion. 

It  is  now  evident  from  the  findings  of  many  investigators  that 
clearing  time  for  the  digest  is  no  criterion  of  complete  digestion, 
and  the  tendency  is  to  allow  much  longer  digestion  times  than 
heretofore.  Chibnall,  Rees  and  Williams  (1943)  recommend  from 

8  to  16  hours’  digestion  after  clearing. 
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Kirk  concludes  that  the  ‘  available  evidence  certainly  indicates 
the  superiority  of  selenium  over  other  catalysts  as  a  clearing 
agent,  and  it  probably  is  superior  also  in  reducing  over-all  diges¬ 
tion  time  He  adds  that  mercury  is  as  good  if  not  better  for 

obtaining  maximum  nitrogen  recovery. 

There  would  appear  to  be  an  upper  limit  for  the  selenium 
catalyst,  beyond  which  nitrogen  recoveries  decrease.  Bradstreet 
(1940)  places  this  limit  at  0-25  g.  Se  for  a  macrosample. 

For  the  alkalinisation  of  the  digest  or  aliquot  part  thereof, 
saturated  potassium  metaborate  or  40%  KOH  would  appear  the 
most  suitable.  With  40%  KOH  the  times  for  diffusion  are  about 
25-30%  longer  than  with  metaborate. 

Saturated  potassium  metaborate  and  saturated  potassium 
carbonate  have  practically  the  same  effect  in  raising  the  ammonia 
tension  of  solutions,  and  hence  increasing  the  absorption  rate,  but 
the  carbonate  cannot  be  used  here  owing  to  the  high  acidity  of  the 
digest. 

The  following  account  gives  examples  of  incinerations  and 
ammonia  determinations  at  various  levels,  but  they  may  of  course 
be  suitably  changed  for  special  conditions. 

Macro -Kjeldahl  determinations. 

Example  1 .  Wheaten  flour. 

Incineration.  0-5  g.  of  flour  is  weighed  into  a  300  ml.  Kjeldahl 
incinerating  flask.  10  ml.  of  the  digest  mixture  are  added  and  the 
mixture  incinerated  in  the  usual  way  with  a  small  funnel  in  the 
top  of  the  incinerating  flask,  somewhat  longer  than  the  usual 
clearing  time  of  the  fluid  being  allowed. 

Digest  mixture.  The  digest  mixture  is  made  of  equal  parts  of 
concentrated  H2S04  and  saturated  KHS04  and  contains  about 
0-2  g.  Se02  per  100  ml.  (Copper  sulphate  may  be  also  included, 
but  not  more  than  0-1  g.  per  100  ml.,  as  it  tends  to  inhibit  the  rate 
of  the  subsequent  ammonia  release.) 

Ammonia  determinations.  Subsequently  the  mixture  is  cooled, 
25  ml.  water  added  cautiously  and  cooled  under  the  tap  The 
mixture  is  now  made  up  to  50  ml.  in  a  volumetric  flask,  and  0-5  ml 
in  duplicate  is  pipetted  into  the  outer  chamber  of  two  or  three 
units  (No.  1).  The  pipetting  may  be  very  accurately  and  suit- 
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ably  done  by  means  of  a  straight  tube  pipette  taking  about 
10-20  seconds  to  deliver,  and  the  final  fluid  blown  out  immediately 
after  delivery  with  the  tip  touching  the  glass  (see  Chapter  V). 

After  pipetting  the  fluid,  the  £  units  ’  are  allowed  to  remain  on 
the  bench  for  about  five  minutes  (to  allow  escape  of  any  volatile 
acid  formed  in  the  incineration),  1  ml.  of  boric  acid  reagent  which 
need  be  only  roughly  measured  (see  p.  85)  is  run  into  the  central 
chambers  of  the  units  .  2  ml.  of  saturated  potassium  meta¬ 

borate  or  1  ml.  of  40%  KOH  are  added  in  the  usual  way  after 
placing  the  lid  with  fixative  in  position,  and  the  contents  of  the 
outer  chamber  mixed  by  rotation  and  left  on  the  bench  for  U  hours. 
The  contents  of  the  central  chambers  are  then  titrated  with 
N/ 50  HC1  from  the  Conway  burette. 

Calculation.  The  number  of  large  divisions  (each  equal  to 
0-01  ml.)  required  in  the  titration,  is  multiplied  by  0-056  to  give 
the  nitrogen  as  g.%  in  the  sample  of  flour. 

Example  2.  Urine. 

Incineration.  2  ml.  of  urine  are  pipetted  into  the  incinerating 
flask  from  a  straight  tube  pipette  (a  standard  2  ml.  pipette  is  also 
suitable).  The  pipette,  about  15  to  20  cm.  long,  should  take  about 
10-20  seconds  to  deliver,  the  final  amount  being  blowm  out  gently 
with  the  tip  against  glass  and  rotating  while  blowing.  Remaining 
procedure  as  in  Ex.  1. 

Ammonia  determinations,  etc.  After  the  incineration  as  above 
the  dilution  is  made  to  200  ml.  and  the  ammonia  determination 
made  in  the  same  way.  The  calculation  is  the  same  as  for  Ex.  1. 

Accuracy  of  the  above  macro- Kjeldahl  determinations.  The 
accuracy  of  such  procedures  on  the  purely  volumetric  (including 
titration)  side  is  analysed  in  Part  III.  It  is  shown  there  that  the 
diffusion  technique  can  give  an  accuracy  as  great  as  the  macro- 
Kjeldahl  conducted  at  the  25  to  50  ml.  titration  level.  With  re¬ 
gard  to  the  passage  of  the  ammonia  from  the  Kjeldahl  digest  to 
the  acid,  it  is  obvious  that  the  diffusion  procedure  is  much  less 
liable  to  error,  and  goes  automatically  without  any  observation 
being  required  during  the  process. 
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Micro-Kjeldahl  determinations. 

The  above  determinations  were  described  as  macro,  though 
usually  somewhat  more  material  is  taken  in  the  typical  macro 
procedure.  The  N  incinerated  was  of  the  order  of  10  mg.  or  more. 
In  the  following  account  much  smaller  amounts  of  N  (down  to 
100  fig)  are  present  in  the  samples. 


Example  1 .  Determination  of  albumin  and  globulin  in  a  sample  of 
serum. 

1  c.c.  volumes  of  the  serum  are  pipetted  into  two  conical  flasks 
of  about  50  c.c.  capacity.  Into  the  first  is  run  25  c.c.  of  0-9  or 
0-6%  NaCl. 

Into  the  second  flask  is  run  25  c.c.  of  warm  23%  (stored  at 
37°  C.)  sodium  sulphate  (anhydrous).  The  stoppered  flasks  with 
the  contents  mixed  are  placed  in  the  incubator  at  37°  C.  for 
1^  hours. 

The  contents  of  flask  2  are  filtered.  5  c.c.  volumes  of  each  are 
introduced  into  100  c.c.  incinerating  flasks,  and  2-5  c.c.  of  the 
digest  mixture  added  (from  a  graduated  5  c.c.  pipette).  In¬ 
cinerate  in  the  usual  manner,  with  small  funnel  in  neck  of  flask. 

After  incinerating,  cool  and  add  25  c.c.  water  from  a  pipette 
to  each  and  mix  well. 

Ammonia  determination.  1  c.c.  boric  acid  reagent  is  added  to 
the  central  chambers  of  microdiffusion  ‘  units  ’  and  1  c.c.  of  the 
final  mixtures  in  the  outer  chambers.  The  subsequent  procedure 
is  as  before,  using  1  c.c.  of  40%  KOH  as  the  alkali.  After  2  hrs. 
on  the  bench  titrate  with  N/ 50  HC1  from  the  Conway  burette. 

Calculation.  Multiply  the  number  of  large  divisions  (minus 
blank)  for  the  first  mixture  (without  sodium  sulphate)  by  0-217 
which  gives  the  total  albumin  and  globulin  as  g./lOO  c  c 

n  Ze  Tm,ilar  reading  for  the  second  mixture'  is  multiplied  by 
0-20 J  which  gives  the  albumin  as  g./lOO  c.c. 


Solutions  required. 

23%  sodium  sulphate  (< anhydrous )  solution 
incubator. 

0-6  or  0-9%  NaCl. 

Digest  mixture  (see  page  125). 


maintained  in  the 
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Usual  solutions  for  the  microdiffusion  procedure,  boric  acid 
procedure,  and  using  40%  KOH  as  alkali  for  the  outer  chamber 
and  N/ 50  HC1  to  titrate. 

Example  2.  Non-protein  nitrogen  in  blood— 10  ml.  tungstate  filtrate. 

De-proteinising.  This  is  carried  out  by  the  method  of  Folin  and 
Wu  (1919).  1  part  of  blood  is  haemolysed  in  7  parts  of  water  and 
then  treated  successively  with  1  part  of  10%  sodium  tungstate  and 

1  part  2/3  N  sulphuric  acid.  The  mixture  is  vigorously  shaken  and 
allowed  to  stand  until  it  has  assumed  a  chocolate  colour  (about 
15-20  minutes).  It  is  then  filtered  or  centrifuged. 

Digestion.  Into  a  100  c.c.  Kjeldahl  incinerating  flask  is  pipetted 
10  ml.  of  the  filtrate  (corresponding  to  1  ml.  blood  or  plasma)  and 

2  ml.  of  the  digest  mixture  added.  The  incineration,  using  a 
micro -burner,  is  then  begun  with  a  small  funnel  in  the  incinerating 
flask.  The  water  first  boils  off,  and  the  incineration  is  carried  on 
for  about  five  minutes  after  dense  anhydride  fumes  appear. 

Ammonia  determinations.  After  cooling,  10  ml.  of  distilled 
water  are  pipetted  into  the  flask  and  mixed  with  the  remaining 
contents.  1  ml.  volumes  of  the  mixture  are  pipetted  into  the  outer 
chambers  of  2  or  more  ‘  units  ’  and  1  ml.  boric  acid  reagent  as 
before  is  placed  in  the  central  chambers.  As  already  described 
l  ml.  40%  KOH  is  used  to  liberate  the  ammonia. 

After  two  and  a  half  hours  on  the  bench,  the  contents  of  the 
central  chambers  are  titrated  w  ith  the  N/ 50  HC1  from  the  Conway 
burette. 

Calculation.  The  number  of  large  divisions  used  for  the  titration 
is  multiplied  by  3-08  and  the  result  expresses  the  mg.  non-protein 
nitrogen  %.  (In  the  calculation  it  is  assumed  that  1  ml.  remains 
after  incineration.) 


CHAPTER  XV 


TOTAL  NITROGEN.  (UNDER  100  fig  N) 

With  quantities  as  low  as  5  fig.  ammonia  N,  Bentley  and  Kirk 
(1936)  obtained  an  error  of  only  0-7%  (standard  deviation)  for  the 
full  volumetric  procedure,  and  of  1-2%  for  the  complete  process 
with  thiobarbituric  acid,  p-amino-benzoic  acid  and  p-brom- 
acetanilide  in  amounts  giving  from  3  to  10  fig.  ammonia  N. 

Borsook  and  Dubnoff  (1939)  using  special  small  tubes  for  the 
Kjeldahl  digestion  and  a  microdiffusion  unit  somewhat  similar  in 


dimensions  to  the  present  standard  ‘  unit  ’  (No.  2)  obtained  similar 
accuracies  with  5  and  10  fig.  total  nitrogen. 

In  these  methods  digestion  and  diffusion  were  ,  carried  out  in 
separate  vessels.  More  recently  Needham  and  Boell  (1939)  de¬ 
veloped  a  procedure  in  which  both  processes  were  carried  through 
in  the  one  piece  of  apparatus  (Fig.  34),  and  proved  very  useful  for 
total  N  determinations  of  the  order  of  1  to  10  fig.  N.  Tompkins 
and  Kirk  (1942)  described  a  special  small  digestion-diffusion 
vessel  (Fig.  35),  which  could  also  be  adapted  for  evacuation  prior 
to  the  ammonia  diffusion,  the  rate  of  which  it  hastens  considerably 
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A\ith  this  apparatus  the  diffusion  time  was  reduced  from  the 
12  hrs.  for  Needham  and  Boell’s  technique  to  5  hrs.,  and  to  about 
U-  hrs.  in  vacuo.  The  accuracy  achieved  was  striking,  being  only 
0-3%  as  a  standard  deviation  from  the  mean  when  dealing  with 
quantities  as  low  as  1  g.  N. 

Haves  and  Skavinski  (1942)  have  also  described  a  method  for 
total  N  determination  of  the  order  of  10  to  100  yug.  N,  using 

the  microdiffusion  procedure.  They 
too  carry  out  the  digestion  and  dif¬ 
fusion  in  the  one  vessel.  A  unique 
feature  in  their  procedure  is  the  use  of 
a  plain  test  tube  (or  conical  centrifuge 
tube,  if  desired)  which  serves  both  as  a 
digestion  and  a  diffusion  vessel.  The 
diffusion  receiver  consists  of  a  helix  or 
platinum  wire  carrying  a  drop  of  ab¬ 
sorbing  solution  held  in  the  tube  by 
means  of  a  grooved  rubber  stopper 
(Fig.  36)  Hawes  and  Skavinski  ob¬ 
tained  a  standard  error  of  about  0-5% 
for  100  ixg.  N  and  0-98%  for  11-3  fig.  N. 
Recently  Briiel,  Holter,  Linderstrom- 
Lang  and  Rositz  ( 1 946)  described  a  total 
nitrogen  method  dealing  with  quantities 
on  similar  levels.  This  method  has  been 
recently  referred  to  as  the  method  of  choice  by  Glick  (1949)  largely 
on  the  grounds  that  the  ‘  precision  ’  is  of  the  order  of  0-005  g.  N. 
This  seems  to  overlook  Kirk’s  results,  as  well  as  those  for  ammonia 
given  by  the  author  (1947).  As  seen  in  Chapter  VII 0-07  ammonia-N 
has  been  determined  with  a  probable  error  of  0-0005  g.  N.  and  even 
this  is  certainly  not  the  limit  by  the  microdiffusion  procedure.  (This 
matter  has  also  been  referred  to  in  the  Preface  to  this  edition.) 

In  the  following  account  a  description  is  given  of  the  procedures 

mentioned  above. 

Digestion. 

(1)  Borsook  and  Dubnojfs  procedure. 

0-1  or  0-2  ml.  aliquots  of  the  solution  followed  by  0-1  ml.  of  the 
digestion  mixture  are  pipetted  into  a  digestion  tube  shaped  as  in 


Fig.  33.  Dimensions  of 
‘  unit  ’  as  used  by  Borsook 
and  Dubnoff. 
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the  diagram  (Fig.  32)  and  with  a  mark  around  the  constriction  re¬ 
presenting  a  volume  of  0-45-0-50  ml.  All  the  tubes  so  set  up  are 
placed  in  an  air  oven  at  about  105°  C.  until  most  of  the  water  has 
been  evaporated  off  and  the  solution  has  become  daik  brown. 


The  practice  is  to  leave  the  digestion  tubes  in  the  oven  overnight 
(the  tubes  being  covered  with  a  sheet  of  tinfoil)  after  which  they 
are  placed  m  the  digestion  rack.  The  flames  are  kept  low  at 
first  until  the  acid  begins  to  reflux.  Then  the  flames  are  gradually 
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raised,  but  not  at  any  time  to  such  a  height  that  the  acid  distils 
more  than  a  few  mm.  above  the  constriction.  The  digestion  is  con¬ 
tinued  until  the  solution  is  colourless.  The  tube  is  cooled,  1  drop 
of  the  saturated  persulphate  solution  added  and  the  digestion  con- 
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Fig.  336.  Electrode  assembly  details  of  titration  apparatus  used  by 
Borsook  and  Dubnoff  (as  in  previous  Fig.). 


tinued  for  15  minutes  after  the  digestion  mixture  is  water-clear. 

This  digestion  may  be  carried  out  without  a  hood.  There  is 
practically  no  loss  of  acid  and  hence  the  digestion  may  be  carried 

on  for  hours. 

When  complete,  the  tubes  are  cooled  and  then  water  is  added 
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to  the  mark  around  the  constriction.  Thenvater  is  added  in  two 
portions,  with  mixing  by  rotation  and  cooling  between  additions. 
After  being  made  up  to  the  mark  the  contents  are  mixed  by 
vigorous  shaking  and  inversion. 


Rmrjenls.  Digest  mixture.  1 :  1  dilution  of  H2SO,  plus  water  con- 
taining  1  g.  Se02  and  1  g.  CuSO,  5H20  per  100  ml.  of  diluted  acid. 
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Saturated  K  persulphate  solution.  The  salt  used  is  described  as 

‘  Merck’s  Reagent  Variety  for  D.D.  Van  Slyke’s  micro-Kjeldahl 
determination  of  nitrogen.’ 

(2)  Needham  and  BoelVs  procedure. 

The  vessel  used  is  shown  in  Fig.  34a.  It  consists  of  a  digestion 
vessel  with  two  bulbs  blown  in  it  (pyrex  glass),  some  7-5  cm.  long 
At  the  top  there  is  an  opening  ground  to  receive  a  small  tube  of 
about  the  same  dimensions  as  those  used  by  Linderstrom-Lang 
and  Holter  (1933)  in  their  NH3  estimations.  Like  their  tubes 
also,  it  is  coated  on  the  inside  with  high  melting  paraffin  wax.  It 
is  referred  to  as  the  receptor  tube. 

The  digestion  is  carried  out  as  follows.  The  source  of  nitrogen 
is  placed  or  pipetted  into  the  bottom  of  the  digestion  vessel 
(Fig.  346)  and  50-60  pi  of  the  digestion  mixture  added.  The 


A  B 

Fig.  35.  Apparatus  used  by  Tompkins  and  Kirk  for  combined  diges¬ 
tion  and  microdiffusion  (from  the  Journal  of  Biol.  Ckem.,  112,  p.  478, 
1942). 

A.  — Simple  digestion-diffusion  vessel. 

B.  — Glass-stoppered  vacuum  digestion-diffusion  vessel.  Length  of 

vessels — about  5  cm. 

tubes  are  then  placed  in  an  air  oven  at  about  120°  C.  for  ca.  3  hr. 
to  drive  off  traces  of  water.  At  the  end  of  that  time  a  good  deal  of 
charring  will  be  visible,  and  the  digestion  proper  is  carried  out  over 
pin  flames  constructed  from  old  hypodermic  needles.  Two  glass 
beads  are  usually  added,  and  a  mobile  flame  used.  Digestion  is 
complete  in  3-5  minutes.  When  the  liquid  has  become  straw 
coloured,  the  heating  is  continued  for  |-1  hr.  over  a  pin  point 
flame  about  2  mm.  high. 

Digest  mixture.  3  g.  pure  CuS04,  1  g.  pure  K2S04  and  0-1  g. 

Se02  to  300  ml.  of  pure  cone.  H2S04. 

The  next  two  methods  like  Needham  and  Boell  s  technique 
incorporate  the  digestion  and  diffusion  processes  in  the  one  piece 
of  apparatus  (vide  Fig.  34)— though  this  was  practically  arrived 
at  in  Kirk’s  original  technique  (Bentley  and  Kirk,  1936). 


total  nitrogen  ld0 

(3)  Tompkins  and  Kirk's  procedure. 

The  sample,  containing  from  0-5  to  20  pg  of  N,  is  measured  and 
transferred  with  rinsing  into  the  bottom  small  bulb  of  the  special 
vessel  (Fig.  35).  To  this  is  added  about  0-1  ml.  of  digest  mix¬ 
ture.  The  vessel  is  placed  in  a  sand  bath  so  that  the  tempera¬ 
ture  at  the  bottom  is  about  300°. 

At  first  the  vessel  is  placed  at  an  angle  of  about  10—20  from 
the  horizontal  with  the  small  bulb  barely  under  the  surface  of  the 
sand.  After  all  the  water  is  evaporated  from  the  acidic  mixture 
the  vessel  is  placed  upright  and  pushed  deeply  into  the  sand, 
where  it  remains  until  the  digestion  is  complete.  It  is  then 
removed  and  allowed  to  cool. 

Digest  mixture.  18  N  sulphuric  acid  (N-free)  containing  0*1  g. 
of  Se02  and  0-1  g.  copper  sulphate  per  100  ml. 

(4)  Hawes  and  Skavinski’s  procedure. 

Samples  are  pipetted  into  ordinary  125  x  15  mm.  Pyrex  test 
tubes  taking  care  to  keep  the  upper  wall  as  clean  as  possible, 


Fig.  36.  Sectional  view  of  arrangement  as  used  by  Hawes  and 
Skavinski  (from  Industrial  and  Engineering  Chemistry,  Anal.  Ed.,  14, 
917,  1942). 


0-2  ml.  of  acid  digestion  solution  is  added  to  each,  and  excess 
water  is  removed  overnight  in  an  oven  at  100°  C.  If  the  sample 
volume  is  less  than  0-5  ml.,  the  preliminary  drying  may  be  omitted 
if  the  first  heating  is  done  cautiously. 

Digestion  is  carried  out  in  a  sand  bath  heated  by  a  Tirill  burner 
so  adjusted  as  to  cause  refluxing  to  about  4  cm.  from  the  bottom 
of  the  tubes.  Ebullition  and  bumping  do  not  occur.  The  tubes 
are  covered  with  glass  caps  cut  from  the  bottoms  of  soft-glass 
vials  21  mm.  in  diameter,  to  prevent  concentration  of  the  digests 
and  to  permit  operation  outside  the  fume  hood. 

No  attention  is  required  during  digestion  as  a  rule,  but  if  the 
digests  are  not  nearly  colourless  in  about  4  hrs.  the  flame  is  re¬ 
moved  for  10  minutes,  and  then  a  small  uniform  drop  of  30°  0 
hydrogen  peroxide  is  placed  in  each  tube,  including  blanks.  Re- 
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fluxing  is  continued  for  at  least  30  minutes  after  the  straw  colour 
is  gone. 

\\  hen  digestion  is  complete  the  tubes  are  placed  in  a  rack  and 
allowed  to  cool,  then  0-6  ml.  of  water  is  added  to  each  and  all  are 
stirred  by  shaking  the  rack. 


Microdiffusion  procedures. 

(1)  Borsook  and  Dubnoff  (1939). 

They  used  a  small  microdiffusion  unit  constructed  of  lucite,  the 
dimensions  of  which  are  but  little  different  from  the  Conway 
‘  unit  ’  (No.  2)  (Fig.  33).  0-1  or  0-2  ml.  aliquot  of  the  made  up 
acidic  mixture  is  pipetted  into  the  outer  chamber. 

Since  the  alkalinising  mixture  used  by  them  may  be  much  im¬ 
proved  for  the  purpose  intended  the  following  description  is  sub¬ 
stituted.  Into  the  central  chamber  is  pipetted  0-1  or  0-2  ml. 
standard  HC1,  the  strength  depending  on  the  level  of  expected 
ammonia. 

The  lid  smeared  with  fixative  is  placed  in  position,  and  0-5  ml. 
saturated  potassium  metaborate  run  in  rapidly,  the  lid  being 
immediately  replaced  in  position  as  in  the  usual  technique.  The 
contents  are  mixed,  and  diffusion  of  the  ammonia  will  be  complete 
at  room  temperature  within  the  hour  when  0T  ml.  is  used,  and  in 
80  mins,  with  0-2  ml. 

They  titrate  the  central  contents  electrometrically  at  the  end, 
using  a  glass  electrode  with  the  portable  Beckmann  apparatus, 
and  a  long  mercury  screw  burette  (Rehberg  type)  (Figs.  33a  and 
336).  Titration  with  the  horizontal  burette  previously  described 
is  simple  and  more  convenient  and  in  the  writer’s  opinion  as 
accurate  (vide  discussion  at  end  of  this  chapter).  If  necessary, 
finer  bored  graduated  tubes  can  be  used  so  that  the  final  mixture 
after  titration  need  not  much  exceed  0- 1  ml 

(2)  Needham  and  BoelVs  procedure. 

The  vessels  are  now  removed  from  their  holders  and  the  digest 
diluted  by  the  addition  of  0-7  ml.  NH3-free  distilled  water. 
This  is  done  with  a  pipette  ending  at  an  angle  of  45°  so  as  to 
facilitate  the  access  of  the  water  to  all  the  interior  surface  of  the 
vessel.  The  vessel  is  now  tilted  as  shown  in  Fig.  34c  and  three 
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pellets  of  NaOH  (corresponding  to  300  mg.  in  all  and  giving  22% 

NaOH)  are  placed  in  the  upper  bulb. 

Meanwhile  the  receptor  tubes  have  been  prepared.  70  c.  mm.  of 
distilled  water  are  placed  as  a  hanging  film  at  the  top  of  the  waxed 
interior  and  7  c.  mm.  of  0-294  N  HC1  delivered  into  the  film  from 
a  constriction  pipette  (vide  Linderstrom-Lang  and  Holter,  1931). 
The  acid  contains  bromocresol  purple  in  double  the  strength 
used  in  the  Linderstrom-Lang  NH3  method.  It  is  important  to 
put  enough  water  in  the  receptor  tube,  as  owing  to  the  osmotic 
pressure  difference,  the  film  loses  water  as  it  gains  in  ammonia, 
eventually  falling  to  perhaps  30-40  c.  mm.  The  receptor  tube  is 
well  sealed  into  the  digestion  vessel  with  a  grease  composed  of  one 
part  high  melting-point  paraffin  wax  to  two  parts  white  vaseline. 
The  NaOH  and  the  diluted  digest  are  carefully  mixed,  care  being 
taken  to  see  the  heat  evolved  does  not  blow  out  the  receptor  tube 
(vide  Fig.  34 d).  The  whole  is  then  cooled  in  water. 

If  traces  of  strong  acid  are  left  between  the  alkaline  digest  and 
the  film  of  acid  in  the  receptor,  gross  errors  will  obviously  result. 
To  eliminate  this  source  of  error  the  vessel  is  now  held  as  in 
Fig.  34e  and  rotated  so  that  the  alkaline  digest  runs  right  round 
the  opening  of  the  receptor  tube.  It  is  essential  to  cool  the  vessel 
well  before  carrying  out  this  part  of  the  technique. 

To  facilitate  the  diffusion  and  absorption  of  the  ammonia  the 


vessels  are  placed  in  a  horizontal  position  in  a  rocker  at  37°  C. 
over-night  and  the  titration  carried  out  the  following  day.  The 
rocker  was  easily  made  from  an  electric  gramophone  motor  con¬ 
nected  to  an  eccentric  so  as  to  give  the  motion  seen  in  Fig.  34  /,  g. 

At  the  end  of  the  period  of  diffusion  the  receptor  tubes  are  re¬ 
moved,  the  ends  carefully  wiped,  and  the  films  titrated  against 
0-102  A  NaOH  from  a  Rehberg-Heatley  micro-burette  of  50  al 
capacity  (Heatley,  1939).  Agitation  of  the  film  is  carried  out 

magnetically  as  described  by  Linderstrom-Lang  and  Holter 
(1931). 

In  the  above  diffusion  procedure,  95-2%  of  the  ammonia  is 
absorbed  m  10  hr.,  hence  99-5%  may  be  presumed  to  have  diffused 

“  ®  1  h®  s'owness  of  diffusion  is  due,  as  pointed  out  by 

Needham  and  Boell,  to  the  comparatively  very  small  receptor 


MICRODIFFUSION  ANALYSIS  (METHODS) 

(3)  Tompkins  and  Kirk’s  procedure  (1942). 

The  digest  is  diluted  with  about  0-5  ml.  of  water  and,  after  cool¬ 
ing,  0-3  ml.  of  half  saturated  sodium  hydroxide  solution  is  added 
as  a  layer  under  the  digest.  This  is  accomplished  by  use  of  a  long 
tipped  capillary  pipette  having  a  little  vaseline  wiped  over  the 
tip  which  is  inserted  to  the  bottom  of  the  digest.  The  liquid  does 
not  adhere  and  no  nitrogen  is  lost.  The  absorption  cup  is  greased 
around  the  rim  with  a  little  vaseline.  To  it  is  added,  with  rinsing, 
a  measured  amount  of  about  50  c.mm.  of  absorption  acid  contain¬ 
ing  methyl  red.  The  volume  of  acid  and  rinsings  should  not  exceed 
0-1  ml.  or  the  material  might  spill  when  the  cell  is  rotated  later. 
While  the  vessel  is  held  by  the  small  end,  the  large  bulb  is  brushed 
several  times  with  the  flame  of  micro  burner.  The  stopper  carrv- 
ing  the  acid  cup  is  then  inserted  and  the  vessel  allowed  to  cool, 
leaving  in  it  a  partial  vacuum.  After  cooling,  the  digest  and  base 
are  mixed  in  the  small  bulb  and  the  vessel  carefully  turned  to  the 
horizontal  position  so  as  to  wet  completely  the  inside  walls  with 
the  alkaline  mixture,  neutralising  any  acid  which  might  have 
spattered  or  condensed  on  the  walls.  The  diffusion  is  allowed  to 
take  place  at  room  temperature,  or  at  37°  in  an  incubator,  for  the 
necessary  length  of  time.  Finally,  the  absorption  cup  is  with¬ 
drawn  and  the  acid  titrated  back  in  the  cup  with  standard  NaOH 
by  means  of  a  capillary  burette  of  a  modified  Rehberg  type. 
Blanks  are  run  for  each  series  of  determinations. 

From  considerations  in  Chapter  III  of  the  present  volume,  and  as  com¬ 
mented  on  by  Hawes  and  Skavinski  (1942),  the  time  for  equal  percentage 
absorption  of  ammonia  is  independent  of  the  quantity  of  ammonia  ex¬ 
amined.  This  has  been  likewise  demonstrated  in  numerous  analyses. 
Tompkins  and  Kirk  ( 1 942)  have  suggested  a  relation  of  timing  to  the  quantity 
being  analysed.  In  their  published  figures,  however,  it  is  clear  that  they 
gave  adequate  absorption  times  throughout. 

(4)  Hawes  and  Skavinski  procedure. 

When  digestion  is  complete  the  tubes  are  placed  in  a  rack  and 
allowed  to  cool,  then  0-6  ml.  of  water  is  added  to  each,  and  all  are 
stirred  by  shaking  the  rack.  After  further  cooling  each  in  turn  is 
treated  as  follows  : 

Three-tenths  of  a  ml.  of  50%  NaOH  is  run  down  the  side  of  the 
tube  without  agitation  and  so  as  to  avoid  wetting  the  rim  and 
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1  cm.  of  the  upper  wall  of  the  tube.  Although  the  solutions  be¬ 
come  warm,  the  large  difference  in  specific  gravity  prevents  com¬ 
plete  mixing  which  would  cause  loss  of  ammonia.  On  warm  days 
it  may  be  necessary  to  cool  the  tube  in  a  beaker  of  ice  water.  It  is 
left  undisturbed  while  the  receiver  is  prepared  (see  below).  The 
latter  is  removed  from  the  1-59  x  12-7  cm.  (|  x  5  inch)  test  tube 
in  which  it  is  kept,  and  rinsed  with  distilled  water  a  few  times. 
The  water  is  shaken  off  the  helix  and  wiped  off  the  stopper  with 
cleansing  tissue.  The  helix  is  dipped  in  1-0  M  sodium  dihydrogen 
phosphate  solution,  deeply  enough  to  cover  it,  but  not  so  deeply 
that  the  platinum -glass  junction  is  wet  with  the  solution.  The 
stopper  is  lubricated  with  a  drop  of  glycerol  and  then  inserted  in 
the  tube,  taking  care  that  the  helix  does  not  touch  the  wall  (Fig. 
36).  If  it  does  it  must  be  rinsed  and  recharged.  Contact  may  be 
avoided  by  placing  the  rim  of  the  tube  against  a  notch  in  the 
bench  edge,  holding  the  receiver  in  the  other  hand  in  a  position 
coaxial  with  the  tube,  and  sliding  the  tube  up  over  the  receiver, 
which  is  held  motionless  while  the  tube  is  twisted  to  seat  the 
stopper. 

The  digest  is  now  overneutralised  by  shaking  the  tube  while 
cooling  with  a  stream  of  tap  water.  The  entire  wall  of  the  tube  is 
coated  with  a  film  of  alkali  by  inverting  and  rotating  and  the 
assembly  is  left  overnight  on  its  side  on  a  paper  towel  or  blotter 
placed  on  a  level  surface. 

When  ready  to  titrate,  the  receiver  is  carefully  removed  by 
reversing  the  insertion  procedure.  The  stopper  is  wiped  free  of 
alkali  and  the  helix  is  immersed  in  1  ml.  of  water  containing 
either  the  indicator  or  a  slight  excess  of  quinhydrone,  de¬ 
pending  on  whether  the  end-point  is  to  be  detected  colorimetri- 
cally  or  electrometrically.  The  burette  used  is  a  modification 
of  the  Conway  horizontal  burette  described  in  a  previous 
chapter. 

Preparation  of  the  helix  and  stopper. 

Five  turns  of  22-gauge  platinum  wire  are  close-wound  on  a  rod  2-4  mm. 
in  diameter  (13-gauge),  leaving  a  handle  of  straight  wire  1-5  cm.  long. 
The  end  of  the  latter  is  sealed  into  a  short  piece  of  6  mm.  soft-glass  tubing 
inserted  through  the  hole  in  rubber  stopper.  Before  making  up  the  re¬ 
ceivers  these  latter  are  boiled  15  minutes  in  1  N  NaOH,  then  boiled  and 
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rinsed  in  distilled  water.  (Using  a  No.  0  pure  gum  rubber  stopper  obtained 
rom  the  Chemical  Rubber  Company,  Cleveland,  they  found  in  this  way 
that  less  than  0-3  mg.  N  is  contributed  by  the  rubber  stopper.) 

To  prevent  the  stopper  from  forcing  itself  out  of  the  tube  or  moving  so  as 
to  bring  the  helix  in  contact  with  the  tube  wall,  a  groove  is  cut  about  1  mm. 

deep  and  6  mm.  wide  and  starts  about  4  mm.  from  the  small  end  of  the 
stopper  (see  Fig.  36). 


The  helix  is  cleaned  either  by  immersing  for  a  few  minutes  in 
hot  cleaning  solution  or  by  heating  to  incandescence  for  a  second 
in  a  flame.  It  is  then  adjusted  by  pulling  with  fine  forceps  or 
spreading  the  centre  turns  with  a  knife  blade,  until  the  volume  of 
the  drop  it  carries  is  within  10%  of  0-02  ml.  (determined  by 
titration).  Uniformity  is  of  more  importance  than  the  absolute 
size  of  the  dnyp.  The  helices  are  recleaned  at  frequent  intervals 
to  maintain  a  uniform  drop  size. 


Review  of  the  foregoing  methods. 

While  the  use  of  a  single  apparatus  for  the  digestion  and  micro- 
diffusion  would  appear  the  more  elegant  procedure  yet  (with  the 
exception  of  the  Hawes  and  Skavinski  method)  specially  blown 
apparatus  is  required  which  is  not  useful  for  other  purposes.  As 
will  be  seen  also  from  the  description  of  the  Borsook  and  Dubnoff 
method  (which  the  author  has  somewhat  modified  at  the  end) 
there  can  be  very  appreciable  saving  of  time  at  the  microdiffusion 
stage  when  the  process  is  conducted  by  transference  of  an  aliquot 
of  the  digested  mixture  made  up  to  a  special  small  volume.  One 
is  dealing  with  lesser  amounts  of  ammonia  than  when  the  whole 
digested  material  is  used  but  it  need  not  be  less  than  0-4  times  this 
quantity,  and  the  microdiffusion  technique  with  the  standard 
‘  unit  ’  No.  2  can  deal  with  1-2  fig.  N  with  no  significant  effect  of  the 
variable  chemical  error  (see  Chapter  XL).  This  would  be 
achieved  with  an  end-point  volume  on  titration  of  OT-O-2  ml.,  the 
Tashiro  indicator  being  used  with  barium  hydroxide  titration.  In 
other  words,  with  such  quantities  the  error  of  estimate  will  depend 
only  on  a  total  glass  error  at  or  about  0-2%  (which  may  be  con¬ 
sidered  rather  rigorous)  and  not  on  the  error  incidental  to  the 
recognition  of  the  end-point. 

In  Hawes  and  Skavinski’s  method  also  much  longer  times  must 
be  allowed  for  the  microdiffusion,  than  when  the  process  is  taken 
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as  in  the  Borsook  and  Dubnoff  procedure,  the  final  titration  being 
conducted  in  1  ml.  fluid,  and  electrometrically  for  the  avoidance 
or  minimising  of  the  variable  chemical  eiror. 

The  use  of  electrometric  titration  in  these  procedures,  file 
introduction  of  the  electrometric  titrations  at  the  end  may  be  said 
to  have  its  rationale  in  the  diminution  or  practical  avoidance  of  the 
variable  chemical  error. 

By  keeping  the  titrated  volume  suitably  low,  the  variable 
chemical  error  can  be  always  reduced  to  one-half  the  variable  glass 
error  (further  volume  reduction  being  of  little  value).  The  latter 
is  made  as  small  as  desirable  by  attendance  to  the  principles  out¬ 
lined  in  Part  III.  For  titrations  of  unbuffered  absorbents  of 
ammonia,  and  using  the  Tashiro  indicator,  the  order  of  the  volume 
limitation  is  given  by  the  following  simple  relation  (derived  from 
equation  75,  Chapter  XLI). 

V  =  0-5 vg.  x  104  x  q 

where  V  is  the  volume  in  c.c.,  and  vg  the  total  glass  error  as  a 
coefficient  of  variation.  If  we  take  a  working  glass  error  of  0-2% 
(about  as  delicate  as  advisable,  considering  the  over-all  error)  this 
would  mean  that  F  =  0T  when  ^=10~4,  which  expressed  in  terms 
of  N  =  l-4  mg. 

Keeping  the  volume  of  titration  at  or  near  to  0T  c.c.,  therefore, 
makes  the  introduction  of  electrometric  titration  an  unnecessary 
refinement. 

Where  buffered  absorbents  are  used,  with  subsequent  acidic 
titration,  the  position  is  somewhat  different.  Even  under  the  best 
theoretical  conditions  (Conway  and  O’Malley,  1942)  the  variable 
chemical  error — depending  on  the  buffering  at  the  end-point — is 
increased  over  that  using  the  unbuffered  absorption  and  alkaline 
titration.  Yet  this  would  only  mean  a  further  reduction  of  V 
above  (to  avoid  the  chemical  error),  or  alternatively  a  corres¬ 
ponding  increase  in  the  ammonia  level  for  analysis.  Since  the 
end-point  buffering  under  suitable  conditions  would  be  increased 
at  most  2  to  3  times  over  the  unbuffered  absorptions,  it  would 
mean  a  proportionate  diminution  of  V  or  alternatively  an  in¬ 
crease  of  N  analysed  to  about  3  mg.  or  upwards. 

In  the  Hawes  and  Skavinski  conditions  the  receptor  volume  com- 
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pared  with  the  donator  volume  is  very  small— 0-020  ml.  compared 
with  about  1-0  ml.  or  only  one-fiftieth.  From  equation  27a  and 
taking  there  the  5  value  as  approximately  0-5,  the  pH  for  99°/ 
absorption  by  the  drop  in  the  helix  would  work  out  at  approxi¬ 
mately  6-0.  At  the  highest  level  of  their  range  (100  fig  N)  they 
reach  6-5  pH,  giving  a  97%  absorption. 

To  maintain  these  pH  levels  in  the  droplet  requires  the  high 
buffeiing  of  M/l  NaH2P04.  This  would  correspond  to  approxi¬ 
mately  M/50  NaH2P04  in  1  ml.  fluid  at  the  end.  The  ideal  buffer- 
ing  pH  (the  pH  at  which  least  error  will  occur)  is  here  approximately 
4-4.  At  this  pH  the  buffering  is  about  160  x  10~6,  giving 
0-04  x  160  x  10-6  as  a  standard  deviation  for  the  variable  chemical 
error.  If  10  fig  are  being  estimated  this  result  in  a  coefficient 
of  variation  of  (6-4  x  10-6/0-7  x  10-3)  x  100  or  of  0-9%  and,  simi- 
larly,  to  0-09%  when  100  fig  N  is  being  determined.  Thus  there 
will  be  a  large  region  over  which  the  chemical  error  will  be  similar 
to  or  less  than  the  glass  error,  if  we  consider  this  to  be  about 
0-2%  over  that  region  electrometric  titration  will  not  appreciably 
increase  the  accuracy,  but  at  the  lower  levels  it  will  be  an  ad¬ 
vantage  since  the  end-point  can  be  more  precisely  determined  and 
the  chemical  error  reduced  below  the  glass  error. 

(In  connection  with  the  above  paragraph  the  reader  is  referred 
to  Chapter  XL.) 

Suggested  procedures  using  the  standard  microdiffusion  units. 

To  the  digest  as  carried  out  in  the  Hawes  and  Skavinski  pro¬ 
cedure,  TO  c.c.  water  is  added  after  cooling,  etc.  Since  0-2  c.c. 
digest  mixture  was  originally  added  containing  approximately 
0-1  c.c.  sulphuric  acid,  the  total  volume  will  be  1-05-1 -06  c.c.  pro¬ 
vided  no  acid  is  lost  in  the  digestion  process,  and  in  fact  it  would 
require  20%  differences  in  the  acid  loss  between  one  tube  and 
another  to  give  a  difference  of  about  1%.  If  some  care  were 
given  to  uniformity  of  heating  and  consideration  of  the  vaporised 
acid  onlv  a  fraction  of  1%  difference  may  be  presumed  to  occur. 

The  microdiffusion  procedure  may  then  be  conducted  with  1  c.c. 
of  the  mixed  fluid  in  the  outer  chamber  of  the  standard  unit 
(No.  1),  1  c.c.  boric  acid  reagent  in  the  centre  and  1  c.c.  of  a  solu¬ 
tion  containing  a  20%  KOH  and  70%  potassium  metaborate  as 
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the  alkalinising  reagent.  Absorption  is  complete  after  H  hrs. 
at  room  temperature,  the  contents  of  the  central  chamber  b 
titrated  with  JST/100  acid.  In  this  way  the  range  of  10  to  100  M  N 
can  be  accurately  covered. 


CHAPTER  XVI 


TOTAL  NITROGEN  (1-0*1  /ig  N) 

As  already  dealt  with  in  a  previous  chapter,  Linderstrom-Lang 
and  Holter  (1933)  developed  a  micromethod  for  determining 
ammonia  which  is  described  as  having  an  accuracy  of  0-0055  fig  N. 
Fiom  work  carried  out  in  the  Carlsberg  Laboratory  these  workers 
with  Briiel  and  Rositz  (1946)  have  elaborated  a  procedure  for 
total  nitrogen  determination  adapting  their  ammonia  method 
without  loss  of  sensitivity.  In  its  present  form  (1946)  the  method 
they  describe  permits  the  determination  of  0-1-1  /ig  N  with  the 
above  accuracy. 

It  will  be  seen  from  Chapter  VII  that,  using  the  microdiffusion 
principle  as  there  described,  0-07  p g  N  may  be  determined  with 
little  apparent  difficulty  to  an  accuracy  of  ±  0-0007  fxg  N  working 
on  the  drop-scale  level,  and  it  is  obvious  that  such  results  do 
not  set  a  limit  to  what  is  attainable.  A  micro-method  for  total 
nitrogen  based  on  this  method  has  not  been  worked  out  but  it 
would  necessarily  imply  the  incineration  and  subsequent  alkalini- 
sation  with  whatever  transfers  etc.,  that  would  be  found  necessary. 
Such  stages  have  been  developed  with  remarkable  elegance  and 
thoroughness  by  Linderstrom-Lang  and  collaborators.  The 
method  they  publish  has  in  addition  the  advantage  of  being 
long  tested  in  practice. 

They  write  :  ‘  We  consider  the  development  of  a  suitable 

destruction  technique  as  the  main  result  of  the  present  investi¬ 
gation  and  leave  it  an  open  question  in  what  way  the  ammonia 
formed  should  be  determined.’  Readers  specially  interested  in 
the  procedure  are  referred  to  the  original  paper  (Briiel,  Holter, 
Linderstrom-Lang  and  Holter,  1946)  from  which  the  following 
account  has  been  taken. 

General  procedure. 

The  material  for  investigation  is  introduced  into  a  narrow  tube 
(40  mm.,  1-8  mm.  bore)  4 fil  digest  mixture  added,  and  the 
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water  removed  in  a  vacuum  dessicator  over  P205  (48  hours 
duration). 

One  / d  concentrated  sulphuric  acid  is  added  and  the  incineration 
carried  out  for  about  6  hours  in  a  small  sulphuric  acid  bath  at 
295°  C.  After  cooling  the  digestion  mixture  is  transferred  with 


Fig.  37.  Apparatus  used  in  the  technique  of  Linderstrom-Lang  and 
associates  (from  Briiel  et  al,  1946). 

.4,  B,  and  C  various  pipettes  referred  to  in  text. 

I)  and  digestion  tubes  and  holders  and  manner  of  withdrawing 
G — glass  stopper  for  holder. 


water  to  the  bottom  of  a  larger  paraffin-coated  distillation  tube 
of  the  type  previously  described  in  Chapter  VII  and  the  ammonia 
determined  as  there  described  with  some  small  changes  in  the  new 
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The  Incineration  Procedure. 

The  incineration  tubes.  Tubes  40  mm.  in  length  with  internal 
diameter  of  T8  mm.  and  outer  diameter  of  2-4  mm.  are  used. 
The\  should  not  vary  too  much  from  these  dimensions,  especially 
vith  legal d  to  the  inner  diameter.  They  may  be  easily  made  by 
sawing  them  from  a  wide  glass  tube  of  suitable  wrall  thickness,  and 
the  end  should  be  well  rounded  off. 

The  tubes  are  cleaned  with  chromic  acid  and  sulphuric  acid 
rinsed  out  with  cold  distilled  water,  which  is  led  in  a  rapid  stream 
through  them,  avoiding  direct  contact  of  the  rim  with  fingers. 

They  are  dried  in  vacuo  at  100°  for  10  min.  and  stored  out  of 
direct  contact  with  the  atmosphere. 

Filling  of  tubes. 

The  organic  material  is  introduced  either  by  fine  micro -pipettes 
or  by  means  of  a  fine  glass  needle  if  solid.  Holter  (1943)  describes 
a  method  for  introducing  living  organisms.  After  the  material 
4 fxl  of  a  £  digest  mixture  ’  is  introduced. 

The  pipette  used  for  introducing  the  digest  mixture  is  the  Levy 
semi-automatic  pipette  (Fig.  37 A).  This  is  connected  with  an  air 
pump  and  a  pressure  regulator,  adjusted  in  such  a  way  that  the 
capillary  forces  at  c  and  c'  just  counterbalance  the  pressure 
exerted  when  c',  the  tip  of  the  pipette,  is  free,  so  that  the  pipette 
is  discharged  automatically  as  soon  as  c'  touches  or  penetrates  a 
liquid  surface. 

Care  is  taken  to  deliver  the  solution  at  the  bottom  of  the  tubes 
and  that  it  is  not  drawn  up  between  the  pipette  and  the  inner  wall. 
The  pipette  is  rinsed  outside  and  inside  before  a  series  of  pipettings. 

The  tubes  are  then  placed  in  a  vacuum  dessicator  and  the  water 
evaporated  at  room  temperature.  The  main  quantity  of  w^ater  is 
evaporated  at  150  mm.  Hg,  which  generally  takes  about  24  hours. 
Then  the  pressure  is  lowered  to  0T  mm.  Hg  and  the  drying  con¬ 
tinued  for  another  24  hours. 

After  this  lyi  concentrated  sulphuric  acid  containing  selenium 
is  introduced  by  means  of  a  pipette  of  type  shown  in  Fig.  37 b.  It  is 
filled  and  blown  out  with  the  mouth.  Ifxl  corresponds  to  a  length 
of  about  10  mm.  (The  scale  is  simply  a  strip  of  squared  paper 

glued  to  the  capillary.) 
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Care  should  again  be  exercised  against  seals  forming  in  the 
upper  part  of  the  tubes,  which  however  need  not  be  discarded 
unless  the  acid  is  drawn  up  as  high  as  the  rim.  The  pipette  before 
use  should  be  rinsed  well  outside  and  inside. 

Digest  mixture.  This  is  referred  to  as  blue  mixture  and 
contains — 

1  g.  of  CuS04,  5H20  f 

10  g.  of  K2S04  -diluted  to  100  ml. 

0-2  g.  of  sucrose  5  ml.  cone.  H2S04J 

Sulphuric  acid  with  selenium.  This  is  prepared  by  boiling 
1  ml.  H2S04  with  10  mg.  selenium,  until  the  solution  is  clear. 

The  incineration .  This  is  carried  out  in  a  small  flask  as  shown 
in  Fig.  37D.  Such  were  made  from  insulin  ampullae  by  pulling  a 
constriction  approximately  in  the  middle.  The  bottom  of  the 
flask  is  covered  with  1  ml.  concentrated  sulphuric  acid  containing 
0-4  g.  K2S04  (about  the  same  composition  as  the  mixture  in  tubes. 
Before  using  the  first  time  the  solution  is  boiled  in  a  flask  to  drive 
off  water  and  gases.)  When  not  in  use  the  flask  is  closed  with 
a  small  glass  ball.  Preliminary  to  the  incineration  the  flask  is 
placed  in  a  small  electrically-heated  copper  block  with  cylindrical 
holes  fitting  the  flasks  tightly  and  being  about  14  mm.  deep.  The 
temperature  of  the  block  is  kept  constant  at  295°  at  which  tem¬ 
perature  the  suljjhuric  acid  (containing  K2S04)  is  clear,  fumes 
readily,  but  does  not  boil. 

When  inserting  the  tubes  the  flask  is  removed  from  the  block 
permitted  to  cool  for  half  a  minute  in  the  air  ;  the  tubes  are  picked 
up  one  by  one  by  means  of  a  forceps  and  placed  in  one  layer 
following  the  wall  of  the  constriction  (see  Fig.  37F).  During  the  first 
few  minutes  after  replacing  the  flask,  it  is  advisable  to  observe  the 
tubes,  and  if  liquid  seals  form,  pressed  up  by  gases  evolved  to  be¬ 
yond  the  middle  of  the  tube,  the  flask  is  removed  from  the  copper 
block  for  a  minute  or  two,  when  the  seals  move  downwards  and 

break.  The  occurrence  is  rare  and  after  one  cooling  process  it 
generally  disappears. 

The  process  then  requires  no  further  supervision,  and  is  allowed 
to  proceed  for  5  to  6  hours. 

After  this  the  tubes  are  removed  from  the  slightly  cooled 
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digestion  flask  by  means  of  a  conical  glass  rod,  as  shown  in  Fig.  37E. 
They  are  rinsed  on  the  outside  with  distilled  water,  dried  with  a 
clean  towel  and  placed  in  a  dessicator  over  P205  where  they  remain 
until  the  next  process. 


A 
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Fig.  38.  Further  apparatus  connected  with 
Linderstrom-Lang  and  associates  (from  Bruel  et  al, 
A — paraffin  block  and  method  of  usage. 

B _ tube  in  position  for  ammonia  distillation. 

(7 — titration  arrangement. 


the  technique 
1946). 


of 


The  Distillation  stage  (including  microdiffusion). 

(The  reader  is  referred  to  the  preface  of  this  edition  for  the 
distinction  drawn  between  these  two  processes.) 
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This  procedure  is  carried  out  as  described  in  Chapter  VII  with 
some  changes  mentioned  below.  Firstly  the  transference  of  the 
digested  mixture  to  the  distillation  tubes  will  be  described. 

Transference  of  the  acid  digest.  A  drop  of  distilled  water 
(volume  about  20 pi)  is  placed  on  a  clean  paraffin  block  by  means 
of  an  ordinary  hand  pipette.  About  one-third  of  this  drop  is 
sucked  up  into  another  hand  pipette  ( P )  without  constriction. 
This  pipette  is  introduced  by  hand  into  the  incineration  tube  (the 
end  of  this  being  previously  heated  slightly  in  a  flame  and  its  tip 
is  led  to  the  centre  of  the  bottom  of  the  tube.  The  water  is  blown 
out  (by  mouth)  immediately  sucked  up  again  with  the  greater 
part  of  the  acid  digest,  and  finally  blown  out  to  form  a  new  drop 
( B )  on  the  paraffin  block  some  distance  from  drop  A  (Fig.  38A). 

The  second  third  of  drop  A  is  now  sucked  up  into  P  and  intro¬ 
duced  as  before,  but  this  time  the  entire  inner  wall  of  the  tube  is 
moistened  with  water  by  leading  the  stem  of  the  pipette  along  the 
inner  wall  some  5-10  times  around.  The  contents  after  sucking 
up  are  in  turn  transferred  to  drop  B  and  the  rinsing  process  is 
repeated  with  the  last  third. 

With  some  experience  it  is  easy  to  avoid  sucking  air  through 
the  tip  of  the  pipette  when  the  last  trace  of  A  leaves  the  paraffin. 

Finally,  drop  B  is  sucked  up  completely  in  the  pipette  and 
transferred  to  the  bottom  of  the  distillation  vessel.  To  avoid 
contact  of  the  acid  fluid  with  the  paraffined  wall  where  the  re¬ 
ceiving  seal  will  be  situated,  the  pipette  is  fastened  in  a  vertical 
position  and  the  distillation  tube  lifted  towards  the  pipette  by 
means  of  a  pipetting  stand  with  rack  and  pinion. 

The  pipette  need  not  be  rinsed  with  water  to  collect  the  negli¬ 
gible  quantity  of  diluted  digest  adhering  to  the  inner  wall,  and 

may  be  used  repeatedly  unless  special  conditions  make  a  rinsing 
advisable. 

The  technique  from  this  onwards  is  similar  to  that  described  in 
C'ha  pter  VII  with  some  changes.  To  the  transferred  drop  of  water 
plus  acid  digest  (21  yl)  V  of  18  N  NaOH  are  added.  The 
NaOH  is  introduced  directly  into  the  drop  of  diluted  digest. 
Quickly  afterwards  a  seal  of  water— 45^1— is  introduced  into  the 
neck  of  the  vessel  and  7 of  a  0-015  N  H2S04  are  added  to  the 
seal  using  a  semi-automatic  pipette  with  pressure  adjustment 
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The  vessel  is  covered  with  a  rubber  cap  and  placed  halfway 
immersed  in  a  water  thermostat  at  40°.  The  distillation  (with 
microdiffusion)  requires  about  1-5  hours. 

In  titrating  excess  solutions  of  base  with  bromcresol  green  is 
added  to  the  receiving  seal  and  titrated  back  with  0-01  N  HC1. 

The  base  was  added  as  18 pi  of  the  following  mixture — 

0-5  ml.  M/ 15  Na2HP04 

2  ml.  bromcresol  green  (aqueous  solution  containing 
0-4  mg.  dye  per  ml.,  pH  4-6) 

2-5  ml.  boiled  water. 

Such  solution  is  made  up  fresh  every  day  and  is  kept  in  a  well- 
closed  vessel  ;  the  highest  accuracy  is  not  required  in  making  it. 
The  acid  used  in  titrating  contains  the  same  bromcresol  green 
solution  as  that  in  the  receiving  seal.  The  end  point  is  marked 
by  a  green-blue  colour  corresponding  to  a  pH  of  about  4-6.  A 
colour  standard  is  first  made  by  titrating  a  blank.  The  position 
of  the  titration  has  been  changed  to  the  vertical  (see  Chapter  VII) 
which  simplifies  the  process  and  makes  possible  the  use  of  ordinary 
titration  stands. 

The  pipette  used  in  the  transfer.  It  is  important  that  the 
pipette  P  used  in  the  transfer  has  suitable  dimensions  with  regard 
to  both  length  and  thickness.  The  opening  at  the  tip  must  not 
be  too  narrow  because  if  so,  small  crystals,  dust  particles,  or  pieces 
of  paraffin  may  block  it  up.  Neither  must  it  be  too  wide  because 
it  is  very  difficult  to  blow  out  the  pipette  by  mouth  without 
blowing  air  through  the  tip,  which  is  to  be  carefully  avoided 
because  it  gives  rise  to  spattering  on  the  paraffin  block  or  in 
the  distillation  vessel.  The  stem  of  the  pipette  should  not  be 
too  thin  or  it  is  liable  to  break  when  pulled  along  the  wall  of  the 
tube,  nor  too  thick  on  account  of  the  drawing  up  of  liquid  between 
pipette  and  tube. 

Though  these  conditions  may  look  exacting,  in  practice  it 
appears  easy  to  make  good  pipettes  of  the  required  type  {vide 

Holter,  1943,  page  435). 

Some  Further  Notes  on  the  Method. 

As  the  authors  of  the  above  method  leave  it  an  open  question 
as  to  the  way  the  ammonia  formed  should  be  determined,  the 
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following  suggestions  may  be  made.  It  will  be  seen  from  the 
determination  of  ammonia  of  the  order  of  0-07 \xg.  in  Chapter  V  II 
that  at  the  stage  where  the  diluted  acid  digest  is  collected  in  drop 
B  this  may  be  regarded  as  one  of  the  drops  in  that  desciiption, 
the  other  being,  say,  40%  KOH.  The  drop  receiving  the  ammonia 
could  be  suitably  formed  of  borate  with  indicator  as  described 
in  Chapter  VII.  In  this  way  the  process  is  very  appreciably 
simplified.  Thus,  the  transfer  of  drop  B,  the  pipetting  of  the 
receiving  seal  with  the  exact  amount  of  acid  added,  plus  the 
addition  of  an  exact  amount  of  alkali  mixture  are  all  avoided  as 
well  as  the  heating  process.  The  borate  drop  need  not  be  accur¬ 
ately  pipetted,  provided  it  is  at  the  right  pH. 

It  would  also  appear  that  in  this  way  the  diffusion  time  could 
be  much  shortened. 


CHAPTER  X  VII 


UREA  (BLOOD  AND  URINE) 

Determination  of  urea  in  0-2  ml.  blood.  (Revised  method.) 

The  revised  method  using  boric  acid  absorbent  with  indicator  is 
suitable  for  blood  urea  determinations,  as  all  ranges  can  be  dealt 
with  without  altering  the  reagents. 

Procedure. 

Collection  of  blood  (human  subject).  This  is  conveniently  taken 
from  the  finger,  using  for  the  small  incision  a  Franke  spring  lancet 

(see  Fig.  39),  which  is  very  efficient  and 
practically  painless.  The  blood  may  be 
squeezed  out  into  a  small  dry  oxalated 
tube.  This  tube,  of  about  1  ml.  capacity, 
is  prepared  by  pouring  into  it  some  satu¬ 
rated  potassium  oxalate  and  then  empty¬ 
ing  out.  The  residual  fluid  on  the  walls 
forms  a  fine  layer  of  the  oxalate  on  dry¬ 
ing  either  in  the  oven  or  quickly  over  a 
Bunsen  flame.  About  0-5  ml.  blood  may 
be  collected  as  a  rule,  allowing  duplicate 
0-2  volumes  for  analyses.  If  the  blood  is 
not  immediately  analysed  or  is  being  sent 
by  post,  the  tube  is  closed  by  a  small 
rubber  cork. 

Urease  action  and  ammonia  determination . 

,  Into  the  central  chambers  of  the  ‘  units  ’ 

Fig.  39.  Franke’s  lancet,  .  .  ..  ,  .  .  r  ,, 

and  collecting  tube  for  blood  (No.  1)  is  pipetted  1  ml.  volumes  of  the 

urea  determination.  boric  acid  reagent.  Such  deliveries  need 

be  only  roughly  measured.  Into  the  outer  chamber  is  pipetted 
0-2  ml.  of  the  blood  from  an  Ostwald  or  straight  tube  pipette, 
with  careful  blow  out  at  the  end  of  the  delivery.  For  the  highest 
accuracy  such  pipettes  may  be  calibrated  for  such  blood  delivery. 
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(This  may  be  done  by  taking  the  mean  weight  of  five  deliveries 
into  a  weighing  bottle,  and  calculating  the  volume  as  in  Part  III 
allowing,  however,  a  sp.g.  for  blood  as  compared  with  water  of 
1*025.)  0*5  ml.  of  the  urease-phosphate  mixture  is  then  dropped  on 
the  blood,  and  the  lid — smeared  with  fixative — placed  in  position, 
the  contents  of  the  outer  chamber  being  mixed  by  rota  t  ion  as  usual . 

The  ‘  unit  ’  is  now  left  aside  on  the  bench  for  15  minutes,  after 
which  time  1  ml.  (approximately)  of  saturated  potassium  carbonate 
is  added  in  the  usual  manner.  It  is  added  without  blowing  and  with 
the  lid  slightly  displaced.  After  replacing  the  lid  the  ‘  units  ’  are 
left  aside  on  the  bench  for  1|  to  2  hours.  The  lid  is  then  detached 
and  the  central  chamber  titrated  to  a  faint  permanent  red  colour. 
A  blank  with  the  reagents  is  run  at  the  same  time,  and  an  occasional 
control  determination  with  50  or  100  mg.  urea/ 100  ml.  is  also 
advisable. 

Calculation.  With  the  standard  solution  used  this  is  very 
simple — the  large  divisions  on  the  burette  corresponding  to  the 
absorbed  ammonia  are  multiplied  by  3  and  the  result  corresponds 
to  mg.  urea/ 100  ml.  blood.  A  correction  for  the  pipette  if  this 
does  not  deliver  0*2  ml.  exactly  is  unnecessary  when  the  ratio  of 
the  blood  and  urine  concentrations  is  being  taken  as  in  renal 
function  tests. 


Solutions,  etc.,  required  for  the  blood  urea  determination. 


1.  N/ 50  hydrochloric  acid. 

2.  Boric  acid  reagent  with  indicator.  This  is  made  up  as  described  on 

page  96. 


3.  Saturated  potassium  carbonate  or  saturated  potassium  metaborate. 

112  g.  potassium  carbonate  or  70  g.  potassium  metaborate  may  be 
allowed  per  100  g.  water. 

4.  Fixative.  The  best  quality  vaseline  may  be  used,  or  alternatively 

one  of  the  water-soluble  fixatives  described  on  page  93. 


5.  Urease  solution  (glycerine  extract  of  jack  bean).  A  preparation  found 
very  satisfactory  in  this  laboratory  is  a  glycerine  extract  of  jack 
Jean  prepared  in  the  manner  described  by  Schmidt  (1928).  22  a 
of  finely  powdered  permutite  are  washed  with  2%  acetic  acid 
which  is  then  decanted  off,  the  permutite  being  subsequently 
washed  twice  with  distilled  water.  The  permutite  is  mixed  with 
4o  g.  of  finely  powdered  jack  bean  meal  and  75  ml.  of  distilled 
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water.  225  ml.  glycerol  is  then  added  and  mixed.  The  whole  is 
filtered  and  the  filtrate  collected. 

It  filters  very  slowly,  but  if  a  large  folded  filter  paper  is  used,  the 
"'hole  may  be  poured  on  at  once  and  allowed  to  filter  overnight, 
when  a  considerable  fraction  of  clear  filtrate  will  have  come  through! 
the  remainder  being  allowed  to  collect  over  some  days.  When  the 
filtrate  is  collected  it  is  stored  in  the  refrigerator  in  a  stoppered 
bottle.  It  will  keep  for  several  months  at  least.  An  advantage  of 
this  extract  is  that,  besides  being  very  active,  it  can  be  measured 
out  volumetrically  without  the  trouble  of  weighing  very  small 
quantities  as  with  the  solid  preparation  ;  at  the  same  time  any 
active  preparation  of  urease  will  be  found  suitable.  Besides  the 
jack  bean,  the  soya  bean  may  also  be  used  for  the  extract  but  is  not 
so  potent,  and  apparently  also  the  seeds  of  the  water  melon,  as  re¬ 
ported  by  Damodaran  and  Sivarakrishnan. 

6.  Phosphate  solution.  3  g.  of  anhydrous  sodium  phosphate  (Na,HP04) 

and  2  g.  of  anhydrous  potassium  acid  phosphate  (KH2P04)  are 
weighed  out,  dissolved  in  water  and  made  up  to  100  ml.  (Both  salts 
are  stocked  as  Analar  reagents  by  the  British  Drug  Houses.) 

7.  Mixed  urease  and  phosphate  solutions  for  immediate  use.  1  ml.  of  the 

phosphate  and  1-0  ml.  of  the  urease  solution  are  diluted  to  10  ml. 
and  0-5  ml.  of  the  mixed  fluid  taken  for  each  determination. 
Smaller  or  larger  amounts  of  this  mixture  are  made  up  according  to 
requirements. 

8.  Alternative  preparation  of  urease-phosphate  stock.  Kawerau  (1941) 

found  that  incorporating  the  phosphate  in  the  original  preparation 
produced  an  extract  which  has  very  good  keeping  powers  and  filters 
much  more  quickly  than  the  stock  described  above.  The  prepara¬ 
tion  is  made  as  follows  :  To  10  g.  of  jack  bean  20  ml.  water  is  added 
and  mixed  well,  then  100  ml.  phosphate  buffer  at  pH  7-4  (3  g. 
anhydrous  Na2HP04  and  2  g.  anhydrous  KH2P04  in  100  ml.  water) 
and  20  ml.  glycerol  are  added.  This  mixture  is  shaken  well, 
allowed  to  stand  for  a  short  time  and  the  fluid  decanted  on  to  a 
large  folded  filter  paper.  (The  mixture  may  also  be  largely  cleared 
by  centrifuging  a  short  time  before  filtering.)  After  filtering  the 
filtrates  may  be  cleared  of  ammonia — if  this  is  considered  desirable 
_ (though  it  could  be  allowed  for  afterwards  in  blank  determina¬ 
tions) _ by  permutite.  5  g.  finely  powdered  permutite  are  washed 

with  2%  acetic  acid  and  allowed  to  settle  ;  the  acid  is  decanted  and 
the  permutite  washed  twice  with  distilled  water.  To  the  permutite 
is  added  the  urease-phosphate  preparation,  the  mixture  is  well 
shaken  for  some  time  and  allowed  to  settle,  when  the  clear  fluid  is 
decanted  off  and  stored  in  the  refrigerator.  A  small  volume  of  this 
is  diluted  three  times  when  required  for  a  series  of  determinations. 
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Note  on  the  time  required  for  the  estimation. 

The  time  of  the  above  method  could  be  reduced  to  one  hour 
(including  the  period  of  ferment  action),  if  care  be  taken  to  pipette 
the  0-2  ml.  blood  so  that  it  is  collected  in  one  region  and  0-2  ml.  of 
a  urease-phosphate  mixture  about  3  times  stronger  than  as  de¬ 
scribed,  is  carefully  dropped  on  the  blood,  to  ensure  that  it  mixes 
adequately  with  it.  Ten  minutes  is  then  allowed  for  the  ferment 
action  and  50  mins,  after  adding  the  alkali. 

Alternatively,  the  estimate  could  be  carried  out  without  altering 
the  volumes  in  about  one  hour  if  incubation  at  38°  C.  were  used 
throughout  the  fermentation  action  (allowing  10  mins.)  and  the 
microdiffusion  (45  mins.).  Other  alternatives  will  occur  to  the 
reader. 

Accuracy  of  the  method  with  0-2  ml.  blood.  The  standard  de¬ 
viation  of  the  single  determination  of  urea  in  a  standard  solution 
of  50  mg./ 100  ml.  was  found  to  be  0-23  mg./lOO  ml.,  using  the 
hydrochloric-barium-hydroxide  procedure.  This  is  a  rather 
marked  advance  on  the  method  as  originally  described,  the 
standard  deviation  being  then  given  as  0-6  mg./lOO  ml.  The  dif¬ 
ference  is  apparently  due  to  the  introduction  of  the  horizontal 
burette  combined  with  the  use  of  barium  hydroxide  for  titration, 
the  incorporation  of  the  indicator  in  the  acid,  etc.  This  error  prac¬ 
tically  corresponds  to  that  resulting  from  the  pipette  (which  was 
used  to  deliver  without  washing  out)  and  titration  errors  alone, 
which  under  the  conditions  would  be  approximately  0-43%.  It 
may  be  said,  therefore,  that  the  error  of  this  determination  de¬ 
pends  only  on  the  glass  error,  and  this  can  be  almost  indefinitelv 
lessened  in  accordance  with  the  principles  of  Part  III .  The  method, A 
in  short,  can  be  made  to  give  almost  any  accuracy  we  wish. 

Using  the  boric  acid-hydrochloric  acid  procedure  as  described 
here,  from  a  series  of  51  routine  duplicate  determinations  the 
standard  deviation  of  the  individual  estimate  was  calculated  as 
0- 34  mg.  urea/ 1 00  ml.  It  is  thus  scarcely  appreciably  less  accurate 
in  practice  than  the  HCl-Ba(OH)2  procedure. 

Comparison  of  accuracy  with  that  in  the  aeration  method,  using 
2  3  ml.  blood.  The  accuracy  of  the  aeration  method  has  been 
expressed  by  Addis  and  Watanabe  (1916),  and  later  by  Kay  and 
Sheehan  (1934),  as  mean  differences  between  duplicate  analyses. 
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For  the  urea  determination  in  blood  as  described  above,  with  the 
first  1 50  duplicates  in  the  protocols  the  mean  value  of  the  differ¬ 
ence  was  found  to  be  0-3  mg./lOO  ml.  Using  3  ml.  blood  as  in  the 
Van  Slyke  and  Cullen  (1914)  method,  Addis  and  Watanabe  in 
19 lb  carried  out  a  large  number  of  estimations  and  found  with 
90  duplicates  an  average  difference  of  1-5  mg./lOO  ml.  Later  they 
succeeded  in  reducing  this  to  0-5  mg./lOO  ml.  Kay  and  Sheehan 
introduced  into  this  aeration  method  certain  improvements  in 
technique  designed  for  greater  accuracy.  Using  2  ml.  blood,  they 
found  a  mean  difference  for  duplicate  analyses  of  0-4  mg./lOO  ml. 
Some  of  their  experimental  blood  ureas  were  very  high,  but 
they  state  that  this  apparently  did  not  affect  the  duplicate 
differences. 

This  statement  of  Kay  and  Sheehan  may  be  taken  as  it  stands 
for  the  normal  blood  urea  concentration,  for  which  the  micro¬ 
diffusion  method  is  more  accurate  with  only  one-tenth  the  amount 
of  blood  used,  as  in  ordinary  routine  working  we  have  found  a 
mean  duplicate  difference  of  only  0-3  mg./lOO  ml. 

With  regard  to  the  very  high  blood  ureas  examined  by  them 
they  have  comjmratively  few  observations  with  a  recovery  of  only 
96%,  and  for  this  reason,  and  also  what  we  know  of  the  errors  of 
titration,  etc.,  an  independence  of  duplicate  differences  to  height 
of  blood  urea  may  be  regarded  as  very  improbable. 

The  efficiency  of  urea  recovery  in  the  microdiffusion  method. 
For  the  aeration  method  Kay  and  Sheehan  found  only  96%  re¬ 
covery,  this  being  subsequently  increased  to  98-99%  by  Kay  and 
Reid  (1934)  using  much  greater  aeration  volume.  The  recovery  of 
urea  added  to  whole  blood  has  been  shown  to  be  quantitative  in 
the  microdiffusion  method  (1933).  Gibbs  and  Kirk  (1934)  have 
confirmed  these  results,  recovering  the  quantitative  amount  with 
as  little  as  0*00279  mg.  urea  N.  Rappaport  and  Gutman  (1935) 
also  confirm.  Lee  and  Widdowson  (1937)  have  found  a  mean 
99*6%  recovery  with  urea  added  within  the  clinical  range,  and 
Abelin  finds  the  recovery  quantitative  using  the  boric-sulphuric 
technique.  Gibbs  and  Kirk,  moreover,  have  demonstrated  the 
agreement  between  urea  whole  blood  analyses  and  coxresponding 
protein-free  filtrates,  which  they  emphasise  as  a  special  advan¬ 
tage  of  the  method. 
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Clinical  use  and  applicability  for  renal  function  tests.  The 

method  is  particularly  suitable  for  renal  function  tests  and  also  for 
general  clinical  use.  The  accuracy  depends  on  that  of  delivering 
0-2  ml.  blood  and  on  HC1  titration  of  the  contents  of  the  inner 
chamber,  using  the  horizontal  burette  (the  error  of  delivering  1  ml. 
of  the  boric  acid  reagent  not  affecting  the  result).  In  Part  III  it  is 
shown  how  any  degree  of  accuracy  desirable  can  be  reached. 

Criticism  by  Lee  and  Widdowson  (1937)  of  the  procedure 
previously  used,  namely,  that  the  range  of  urea  concentration 
determined  was  restricted,  no  longer  applies  to  the  method  as 
described  above. 

It  is  to  be  noted  that  increased  ammonia  has  never  been  observed 
from  the  action  of  the  arginine-arginase  system  in  the  method  as 
carried  out  here. 

The  use  of  the  urinary  and  blood  area  concentrations  in  determining 
renal  function  is  given  in  the  Appendix. 

The  pH  and  salt  effects  on  the  urease  action. 

The  pH  effect.  Van  Slyke  and  Zacharias  (1914)  very  fully  in¬ 
vestigated  the  general  pH  and  salt  effects  on  the  urease  action. 
Kay  and  Reid  (1934)  have  examined  the  pH  effect  on  total 
recoveries.  They  worked,  however,  on  comparatively  large 
amounts  of  urea  compared  with  the  *  unit  ’  range,  and  it  was 
thought  desirable  to  investigate  again  the  question  in  relation  to 
the  present  method  of  determining  urea.. 

In  the  investigation  the  outer  chamber  in  a  series  of  ‘  units  ’ 
contained  0-2  ml.  of  a  75  mg.  urea/100  ml.  solution  and  0-5  of  a  1 
in  10  glycerine  extract  of  urease  as  previously  described  under  the 
blood  urea  determination.  The  diluted  glycerine  extract  also  con¬ 
tained  phosphate  in  M/20  concentration  of  varying  pH.  The  action 
was  allowed  to  take  place  at  room  temperature  (18°  C.)  and  inter¬ 
rupted  with  1  ml.  saturated  carbonate  after  a  certain  time  period. 

As  may  be  seen  from  Fig.  40  the  optimum  pH  is  somewhat  to  the 
alkaline  side  of  neutrality,  but  there  is  very  little  difference  be¬ 
tween  the  action  at  a  pH  of  7-0  and  8-0.  There  is  a  rapid  fall  in 

activity  to  the  acid  side  of  7-0  pH,  but  only  a  slow  fall  as  the  pH 
rises  beyond  8-0.  1 

The  salt  effect  of  the  phosphate.  In  this  investigation  the  same 
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procedure  was  adopted,  except  that  the  strength  of  the  phosphate 

was  varied  at  a  constant  pH  of  6-8. 

It  will  be  seen  (Fig.  41 )  that  the  salt  action  of  the  phosphate  is  very 
marked,  and  to  economise  the  time  of  action  it  is  inadvisable  to  hare  a 
stronger  phosphate  solution  than  M\ 20  in  the  0-5  ml  urease-phosphate 
mixture  added.  The  question  of  entirely  omitting  the  phosphate 
was  in  fact  considered  since  the  rate  appears  to  go  as  rapidly  with¬ 
out  it  for  the  small  amounts  of  urea  hydrolysed.  It  was  decided 
to  include  the  buffer  in  its  present  composition  (as  described  under 
the  blood  urea  method)  since  it  ensures  against  any  wide  change 
in  the  pH  value. 

Distribution  of  the  normal  blood  urea  in  man.  Where 
blood  ureas  are  being  determined  it  is  often  of  interest  to  com¬ 
pare  such  with  the  normal  distribution.  Fig.  42  ( C )  shows  the  dis¬ 
tribution  of  the  normal  blood  urea  figures  for  the  human  subject. 
The  distribution  is  for  169  determinations  in  the  literature  from 
the  figures  of  Addis  and  Watanabe  (1916),  Walker  and  Rowe 
(1927),  Austin  et  al.  (1921),  McLean  (1915),  Conway,  O’Connor  and 
Donovan  (1937)  and  some  unpublished  data  from  the  author’s 
laboratory.  A  maximum  of  five  observations  was  allowed  for  any 
single  subject,  the  first  five  listed  being  taken.  It  is  to  be  under¬ 
stood  that  the  subjects  were  not  only  normal  in  renal  functioning, 
but  normal  in  general  health,  hospital  cases  being  excluded.  The 
mean  value  of  the  169  observations  is  31-0  mg./ 100  ml.  with  a 
standard  deviation  of  7-5  mg./ 100  ml.  It  will  be  seen  from  the 
figure  that  the  distribution  does  not  correspond  to  a  ‘  normal  ’ 
distribution,  but  tends  to  show  groupings  of  results  in  about  three 
regions.  This  effect,  if  confirmed  by  more  extended  study,  may  be 
largely  due  to  the  rise  following  meals  or  protein  intake,  but  may 
also  be  associated  with  other  metabolic  causes.  The  distributions 
{A,  B)  for  single  subjects  investigated  in  the  author’s  laboratory, 
for  whom  there  is  a  large  number  of  determinations,  are  interesting 
to  compare  with  the  general  histogram.  It  has  happened  acci¬ 
dentally  that  the  two  subjects  investigated  had  mean  blood  urea 
values  in  the  upper  and  lower  regions  of  the  general  histogram 
the  mean  for  one  being  40-2/100  ml.  with  a  standard  deviation  of 
4-/  mg./100  ml.  (122  observations)  and  for  the  other  26-8  mg./lOO 
ml.  with  a  standard  deviation  of  3-4  mg./lOO  ml.  (64  observations). 
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Feasting  values  for  D.  K.  O’D.  (before  breakfast  and  3-5  hours 
after  meals)  gave  an  average  of  38-4  with  a  standard  deviation  of 
4-3  and  the  fasting  values  of  E.  J.  C.  gave  25-9  with  a  standard 
deviation  of  2-5  mg./ 100  ml. 
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Fig.  42.  Distribution  of  normal  human  blood  urea. 

A—  122  obs.  on  subject  D.  O’D.  Dotted  line — obs.  before  break- 
fast. 

2? — 64  obs.  on  subject  E.  C.  34  before  and  30  after  light  lunch. 
(Dotted  line — before  meal.) 

C — 160  obs.  from  general  literature. 


The  histograms  ( A ,  B)  show  very  clearly  the  influence  of  meals, 
which  for  D.  K.  O’D.  shifts  the  mode  or  peak  8  mg./ 100  ml.  and 
for  a  light  meal  with  E.  J.  C.  raises  it  2  mg./ 100  ml. 

Determination  of  the  urinary  urea.  This  determination  is 
usually  carried  out  in  conjunction  with  that  of  the  blood  urea, 


and  is  done  most  conveniently  after  suitable  dilution,  so  that  the 

same  solutions,  pipettes,  etc.,  may  be  used. 

Seeing  that  the  concentration  in  the  urine  is  related  to  t  le 
rate  at  which  urine  is  excreted,  this  rate  must  be  considered  in 
accurate  working,  the  dilution  being  so  made  that  a  considerable 
fraction  of  the  absorbing  acid  is  always  neutralised  by  the  formed 
ammonia.  Suitable  dilutions  may  be  made  from  the  data  in 
Table  XXXVI,  giving  average  concentration  ratios  of  urine/blood 
in  the  varying  urine  volumes. 

After  diluting,  the  urine  is  analysed  in  the  same  manner  as  the 
blood,  0-2  ml.  being  introduced  into  the  outer  chamber,  0-5  ml.  of 
urease  phosphate  solution  added,  etc. 

One  difference  between  the  blood  and  urine  determinations  con¬ 
sists  in  the  fact  that  even  the  diluted  urine  contains  a  small  con¬ 
centration  of  preformed  ammonia  which  will  amount  to  about 
7%  of  the  ammonia  from  the  urea  at  25  ml.  per  hour,  5%  at  50  ml. 
and  about  3%  at  or  greater  than  150  ml.  In  contrast  with  the 
urine  the  blood  contains  no  ammonia  on  shedding  (1935),  and 
with  human  blood  no  appreciable  ammonia  compared  with  the 
urea  content  up  to  2  hours  after  shedding.  (After  24  hours, 
sterile  human  blood  will  contain  preformed  ammonia  correspond¬ 
ing  to  about  1  mg.  urea/ 100  ml.  blood  and  formed  chiefly  by  the 
breakdown  of  adenylpyrophosphoric  acid.)  Consequently  it  is 
necessary  in  urinary  urea  determinations  to  set  up  another  ‘  unit  ’ 
with  0-2  ml.  of  the  diluted  urine  in  the  outer  chamber,  1  ml.  of 
saturated  potassium  carbonate  being  added  as  usual  and  the 
ammonia  found  subtracted  from  the  total. 

(At  the  same  time  it  may  be  noted  that  it  is  now  customary  in 
determining  the  urea  content  of  urine  for  renal  function  tests  to 
ignore  the  relatively  small  free-ammonia  content,  including  same 
as  part  of  the  urea  ammonia  formed  after  urease  action.) 

Calculation. 

Example.  Urine  rate . 53  ml.  per  hour. 

(From  Table  XXXVII  the  mean  urinary  concentration  at  this  rate  is  56-8 
times  that  of  the  blood.  A  dilution  of  56-8  times  may  then  be  made  by 
adding  55-8  ml.  distilled  water  from  a  burette  to  1  ml.  urine  pipetted  into  a 
conical  flask,  and  mixed.  The  urinary  urea  concentration  will  then  on  the 
average  correspond  to  that  of  the  blood.  If  considered  more  convenient  a 
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dilution  of  50  times  may  be  made  by  making  2  ml.  urine  up  to  100  ml.  in  a 
volumetric  flask. 

It  may  be  supposed  that  this  latter  is  carried  out  with  the  following 
results  : 

Analytical  ‘  unit  ’  -  -  -  -  13-30  large  clivs. 

Blank  ‘  unit  ’  (urine)  -  -  -  1-25 

Blank  ‘  unit  ’  (urease)  -  -  -  1-10  „  „ 

Then  (13-30  -  1-25  -  M0)  x  3-0  x  50 

=  1642  mg.  or  1-64  g./lOO  ml. 

(It  is  to  be  understood  that  the  boric  acid  reagent  has  the  end-point 
colour  on  first  pipetting  into  the  ‘  units  ’.) 

Any  pipette  correction  is  made  as  usual,  but  if  the  ratio  of  the  blood  and 
urine  concentrations  are  being  measured — as  in  renal  function  tests — it  is 
unnecessary  when  the  same  0-2  ml.  delivery  pipette  is  used. 

Distribution  of  urinary  urea  concentrations  in  the  normal 
human  subject  pursuing  an  ordinary  living  routine.  Unlike 
the  urea  concentration  in  the  blood,  that  in  the  urine  is  very  de¬ 
pendent  on  the  rate  at  which  the  urine  is  being  excreted.  The 
distribution  of  the  urinary  urea  for  a  number  of  normal  subjects 
is  given  in  Fig.  43  ( C ),  and  similar  distributions  for  the  two  normal 
subjects  considered  under  the  blood  urea.  What  is  at  first  peculiar 
about  the  three  distributions  is  their  rather  marked  similarity, 
seeing  that  the  blood  distribution  is  very  dissimilar,  particularly 
for  the  two  single  subjects,  and  also  that  the  urine  rate  has  a  very 
marked  effect  on  urinary  concentration.  The  main  bulk  of  the 
distribution  lies  in  each  case  between  1-8  and  2-8  g./lOO  ml.,  with 
the  chief  mode  at  2*1,  2-3  and  2-3  g./lOO  ml.  respectively.  In  each 
case  there  is  an  appearance  of  a  higher  mode  at  about  2*6  g./lOO  ml., 
this  latter  being  due  very  likely  to  the  influence  of  meals  as  shown 
by  dotted  line  in  distribution  B  for  one  subject  (E.  J.  C.).  The 
appearance  of  a  third  mode  at  a  lower  concentration  le\  el  is 
obviously  due  to  diuresis,  and  from  that  mode  downwards  we  have 
scattered  observations  due  to  high  diuresis. 

Distribution  of  the  normal  urine  volume.  It  is  of  interest  in 
connection  with  the  other  distributions  and  in  relation  to  the 
question  of  urine  dilution  for  urea  analysis,  to  consider  also  the 
distribution  of  normal  urine  rates,  under  apparently  normal  condi¬ 
tions.  As  shown  in  figure  the  distribution  is  similar  to  that  of  the 
urine  urea,  but  is  inversely  related,  high  rates  being  associated 
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with  low  concentrations  and  vice  versa.  From  the  distributions 
in  Fig.  44  (corresponding  to  previous  Figs.  42  and  43,  A  and  B 


huS^  su%ecDti8t' W»terdriLta?tnUrea,C0nTtr^i0n8  in  the  norm“> 

J  ater-drinking  to  produce  diuresis  excluded 

A — 1-0  obs.  on  subject  D.  O’D. 

C~1  nth  °f  SUbieCt  E’,a  D°Ued  lines  gives  obs-  light  lunch. 
0 — HI  obs-  from  general  literature. 


dltgafterrwerT- 7°  SUbje°tS  and  C  the  «eneral  distribution) 
after  water  drinking  with  the  intention  of  producing  diuresis 
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are  excluded.  The  main  mode  of  the  three  histograms  for  the 
general  group  and  two  subjects  lies  around  40  to  50  ml.  per  hour, 
corresponding  approximately  to  1  litre  per  day.  It  is  around  this 


Fig.  44.  Distribution  of  urine  volume  in  normal  human  subject. 
Water-drinking  to  produce  diuresis  excluded. 

A — obs.  on  subject  D.  O’D.  as  in  Fig.  43.  Shaded  section— obs. 
before  breakfast. 

B — obs.  on  subject  E.  C.  as  in  Fig.  43. 

C — obs.  from  general  literature  as  in  Fig.  43. 


point  therefore  that  we  can  expect  to  have  most  observations  m 
the  normal  subject.  There  is  a  tendency  to  a  subsidiary  mode  at 
about  62  ml.  per  hour,  corresponding  to  about  1,600  ml.  per  day. 


CHAPTER  XVIII 

UREA  IN  TISSUES 

Principle.  The  tissue  is  ground  with  water  and  a  little  pure 
quartz  sand,  largely  cleared  by  centrifuging  and  the  urea  hydro¬ 
lysed  in  an  aliquot  part  by  the  action  of  urease  as  with  the  blood 
and  urine  determinations,  the  remaining  procedure  being  also 
similar,  but,  owing  to  the  small  amounts,  the  HCl-Ba(OH)2 
technique  is  used. 

Procedure.  The  tissue  section  for  analysis  (100  to  200  mg.  are 
usually  suitable,  though  the  amount  may  be  varied  greatly)  is 
weighed  in  a  covered  watch  glass  and  then  transferred  to  a  small 
mortar,  3  ml.  of  distilled  water  added  from  a  standard  pipette  and 
a  little  pure  quartz  sand  (Merck’s).  The  tissue  is  ground  to  a  fine 
suspension,  the  mixture  poured  into  a  small  centrifuge  tube  and 
spun  for  a  minute  or  two. 

The  following  £  units  ’  are  then  set  up,  using  the  solutions  of 
Range  III  (Table  V,  p.  89)  : 

Analytical  ‘  unit  ’  (urease  plus  extract)  -  outer  chamber — 0-5  ml.  extr. 

plus  0-5  ml.  urease  phos¬ 
phate  mixt.  (as  for  blood 
urea). 

Blank  ‘  unit  ’  (extract)  ....  outer  eh. — 0-5  ml.  extr. 

Blank  ‘  unit  ’  (urease)  ....  outer  ch.— 0-5  ml.  urease- 

phosphate. 

The  inner  chambers  of  the  ‘  units  ’  are  filled  with  1  ml.  of  the 

absorbing  acid— made  up  as  described  for  ammonia  determina¬ 
tions. 

After  15  minutes  on  the  bench  1  ml.  of  saturated  potassium 
carbonate  is  added  to  each  ‘  unit  ’  and  the  inner  chamber  titrated 
after  two  hours’  absorption.  (If  it  is  thought  very  desirable  to 
reduce  the  time  required  for  this,  twice  the  amount  of  tissue  may 
be  used  in  the  grinding,  and  0-2  ml.  extract  with  0-2  ml.  urease 
phosphate  used  instead  of  the  above  proportions,  then  1  ml 
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carbonate.  Only  1  hour  need  then  be  given  for  the  absorption  at 
room  temperature.) 

It  is  advisable  here  as  always  to  work  with  duplicates  for  each 
procedure.  Such  procedure  as  outlined  above  will  no  doubt  re¬ 
quire  suitable  modification  in  accordance  with  the  experimental 
conditions,  which  may  involve  the  injection  of  urea. 


Calculation. 

Urea  in  1  ml.  extract.  (0-5  ml.  used.)  When  the  titrating  fluid 
in  the  burette  is  made  up  as  16-7  ml.  N/ 10  to  the  litre,  each  large 
division  (0-01  ml.)  is  equivalent  to  0-5  y  urea.  Since  0-5  ml.  of  the 
extract  is  used,  it  follows  that  the  number  of  large  divisions  on  the 
burette  corresponding  to  the  urea  ammonia  gives  the  y  urea  per 
ml.  extract. 

This  is  illustrated  by  the  following  example  : 


Analytical  ‘  unit  ’  (urease  plus  extract) 
Blank  ‘  unit  ’  (extract) 

Blank  *  unit  ’  (urease)  ... 

1  fill  acid  ...... 

Urea  ammonia  in  extract,  16-3  -  06  -  0-5 


-  43-7  large  divs. 


-  59-4 

-  59-5 

-  60  0 


99 


99 


or  15-2  y  urea/ml.  extract  (0  0152  mg. /ml.) 

Urea  in  100  g.  tissue.  (0T50  g.  used,  for  example.)  It  will  be 
assumed  that  the  tissue  contains  80%  water,  though  small  devia¬ 
tions  from  this  will  not  appreciably  affect  the  result.  The  total 
amount  of  fluid  in  the  mortar  is  therefore  3-0  plus  0-8w,  where  w  is 
the  weight  of  the  tissue  in  g. 

,  3-0  +  0-8 w  .  ,  ,  i  i f\f\ 

Each  g.  tissue  corresponds  to - ml.  extract  and  100  g. 

3-0  +  0-8w  ,  ,  , 

tissue  to - x  100  ml.  extract. 

w 

Hence  if  U  is  mg.  urea  in  1  ml.  extract,  the  amount  of  urea  in 
100  g.  tissue  is  given  by 

U  x  (3-0/w  +  0-8)  x  100. 

When  U  is  0-0152  as  above  and  w  is  0-150  g.  we  get  the  result  as— 
31-6  mg./ 100  g.  tissue. 

Note  on  kidney  tissue.  Where  the  kidney  tissue  is  being 
analysed  it  is  necessary  to  boil  the  mixture  and  cool  prior  to  taking 
a  sample  for  analysis  (in  order  to  kill  the  ferment  which  forms 
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extra  ammonia).  Usually  it  will  be  found  most  convenient  to 
pour  the  mixture — washing  out  residue — into  a  small  flask  and 
heat  to  boiling,  cool  and  make  up  to  a  special  volume  such  as 
10,  25,  etc.,  and  then  take  0-5  or  1  ml. 

The  original  weight  of  the  tissue  may  be  varied  to  suit  Range 
II  analysis.  Alternatively  the  mixture  may  be  brought  momen¬ 
tarily  to  boiling  in  a  small  pyrex  tube,  and  subsequently  im¬ 
mersed  in  boiling  water  for  a  few  minutes,  the  volumes  if  neces¬ 
sary  being  made  up  to  the  original — the  level  having  been  marked 
with  a  file.  The  amount  of  urea  in  the  tissue  water  in  general 
corresponds  to  that  in  the  blood  plasma,  notable  exceptions  being 
brain  and  cord  tissue,  urea  being  present  in  the  former  to  only 
52%  of  the  plasma  concentration  and  in  the  latter  to  only  5-10% 
(Conway  and  Fitzgerald,  1942). 


CHAPTER  XIX 


ADENYLPYROPHOSPHORIC  ACID,  ADENYLIC  ACID, 

ADENOSINE,  ETC. 

Subsequent  to  the  recognition  of  adenylic  acid  in  blood  by  Bass 
(1914),  it  was  discovered  by  Embden  in  muscle  (1927).  Lohmann 
showed,  however,  that  it  did  not  exist  as  the  free  adenylic  acid  in 
muscle,  but  as  a  compound  with  pyrophosphoric  acid  (1929), 
termed  adenylpyrophosphoric  acid  or  briefly  A.T.P.  In  blood 
the  adenylic  acid  also  exists  similarly  bound.  Adenylpyrophos¬ 
phoric  acid  is  intimately  connected  with  the  phosphorylation  of 
hexose  in  its  conversion  to  lactic  acid,  and  as  is  well  known,  a 
similar  but  not  identical  substance  exists  in  yeast  ( vide  Schmidt, 
1928). 

Adenylpyrophosphoric  acid  breaks  down  rapidly  on  the  death 
of  the  animal,  and  if  it  is  to  be  determined  in  muscle  this  must  be 
excised  immediately  after  death,  being  ground  in  ice-cold  tri¬ 
chloracetic  acid.  It  is  also  unstable  in  alkaline  and  in  strongly 
acid  media.  In  muscle  it  exists  to  the  extent  of  about  4-6  mg.  of 
amino  N  per  100  g.,  and  in  human  blood,  as  determined  by  the 
author  (1938)  to  the  extent  of  1-0  mg.  amino  N/100  ml.,  being  in 
similar  concentration  in  rabbit  blood,  and  agreeing  with  the 
nucleotide  data  of  Buell  (1935). 

Principles  of  determination.  In  the  ensuing  description  the 
method  described  by  Parnas  et  al.  (1934,  1935)  is  followed, 
adapted  for  microdiffusion  determinations,  with  HC1  absorp¬ 
tion  and  Ba(OH)2  titration,  using  the  solutions  of  Range  II 
(p.  89). 

The  adenylpyrophosphoric  acid  in  the  muscle  passes  to  a  con¬ 
stant  proportion  of  90%  into  the  trichloracetic  filtrate  when  the 
described  proportions  are  used,  the  remaining  10%  being  present 
in  the  precipitate.  On  bringing  the  filtrate  to  a  pH  of  8-5  and 
adding  excess  of  barium  acetate  the  A.T.P.  is  precipitated  as  the 

insoluble  barium  salt,  any  adenylic  acid,  if  present,  being  left  in 
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the  fluid.  In  fact,  however,  adenylic  acid  as  such  will  not  be 
found  in  the  fresh  muscle. 

The  insoluble  barium  salt  is  subsequently  dissolved  in  acid,  the 
barium  removed  by  sodium  sulphate  and  centrifuging,  and  after 
neutralising,  etc.,  is  acted  upon  by  some  fresh  muscle  extract  and 
the  ammonia  formed  is  determined. 

In  this  way  two  special  qualities  of  the  A.T.P.  are  both  availed 
of  to  ensure  that  this  substance  only  is  being  determined.  These 
the  insolubility  of  its  barium  salt  at  a  particular  pH  and  its 


are 


specific  deamination  by  the  extract. 

Procedure.  The  freshly  excised  muscle  is  quickly  weighed  and 
introduced  into  an  ice-cold  mortar  with  pestle.  From  a  graduated 
5  ml.  pipette  10%  ice-cold  trichloracetic  acid  is  added,  1  ml.  for 
every  g.  muscle  and  the  muscle  ground  quickly  with  the  aid  of  a 
little  pure  quartz  sand  (Merck’s)  to  a  fine  suspension. 

It  may  be  noted  here  that  all  solutions  used  down  to  the  solution 
of  the  barium  salt  in  acid  should  be  ice-cold  like  the  trichloracetic 
acid.  Water  is  now  added  in  the  same  volume  as  the  acid,  and  the 
mixture  is  left  for  at  least  fifteen  minutes  in  the  refrigerator  with 
frequent  stirring.  It  is  then  poured  into  a  centrifuge  tube  and 
quickly  spun.  4  ml.  of  the  clear  fluid  (corresponding  to  1-43  g. 
tissue)  are  taken  in  a  centrifuge  tube  and  a  drop  of  phenol- 
phthalein  solution  added  and  the  mixture  carefully  brought  to  a 
faint  pink  (about  pH  of  8*5)  by  the  addition  of  0-1  N  NaOH,  the 
tube  being  immersed  in  ice.  1  ml.  of  25%  barium  acetate,  which 
has  been  carefully  neutralised,  is  now  added  and  the  mixture  left 
aside  in  the  refrigerator  for  30  minutes,  then  centrifuged  and 
washed  twice  with  1%  neutral  barium  acetate. 

The  precipitate  is  then  dissolved  in  2-5  ml.  of  0*1  1 V  HC1  the 
barium  removed  by  adding  1  ml.  of  15%  Na2S04  and  ce’ntri- 
tuged.  The  clear  iimd  is  poured  into  a  10  ml.  measuring  cylinder 
the  residue  being  mixed  with  1  ml.  water  and  a  small  drop  of  the 

sodium  sulphate  solution,  centrifuged  and  the  fluid  poured  into 
the  cylinder. 

The  fluid  in  the  cylinder  is  neutralised  carefully  with  0-1  N 
^  H  (using  bromthymol  blue),  of  which  upwards  of  2  ml  will 
be  required.  0-1  ml.  of  Uj 3  phosphate  (pH  7-0)  is  added  and 
the  mixture  brought  to  the  10  ml.  mark  with  water 
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Three  glass  tubes  of  5  ml.  capacity  provided  with  stoppers  are 
now  prepared  and  into  these  are  introduced  the  following  • 

O  * 

1  ubo  1  -  2  ml.  of  fluid  (from  cylinder)  plus  0-2  ml.  muscle  extract. 
Tube  2  -  2  ml.  of  fluid  plus  0*2  ml.  water. 

Tube  3  -  2  ml.  of  water  plus  0-2  ml.  extract. 

The  three  tubes  are  incubated  at  38°  C.  for  1  hour.  Subsequently 
l'°  ml-  volumes  are  pipetted  into  the  outer  chamber  of  prepared 
•  units  ’  containing  1  ml.  acid  of  Range  II,  made  up  as  on  page  89, 
and  1  ml.  of  saturated  potassium  carbonate  added,  the  ‘  units  ’ 
being  titrated  after  1\  hours  at  room  temperature  (or  after  l-li 
hours  at  38  ).  The  amount  of  adenylpyrophosphoric  acid  amino- 
nitrogen  corresponding  to  130  mg.  of  the  original  muscle  is  finally 
analysed  in  this  manner. 

Calculation.  If  the  ammonia — as  large  divisions  on  the  burette 
— in  samples  from  the  three  tubes  be  written  I,  II  and  III,  then 
the  A.T.P.  ammonia  corresponds  to 

(I  -  II  -  III)  x  0-3  y  ammonia  N. 

This  corresponds  to  the  A.T.P.  amino  N  in  130  mg.  muscle,  but 
under  the  conditions — retention  of  10%  A.T.P.  in  the  tri¬ 
chloracetic  precipitate — the  result  must  be  multiplied  by  1  11. 
Milligrams  A.T.P.  amino  N  in  100  g.  muscle  is  then  given  by 

(I  -  II  -  III)  x  0-256. 

Solutions  required. 

10%  trichloracetic  acid. 

25%  barium  acetate  and  1%  barium  acetate  (both  brought  to  8-5  pH  or 
faint  pink  with  phenolphthalein). 

01  N  HC1. 

0-1  N  NaOH. 

15%  Na2S04. 

Phosphate  buffer,  M/3  pH  7  0  (3  volumes  of  M/ 3  alkaline  to  2  volumes 
of  M/3  acid  phosphate). 

Muscle  extract  1  g.  in  10  ml.  of  M\ 3  phosphate  (pH  7  0). 

The  muscle  is  ground  to  a  fine  suspension  with  quartz,  then  the  mixture 

is  largely  cleared  by  centrifuging. 

Acid  and  alkaline  solutions  of  Range  II  (pages  89  and  91). 

The  method  can  obviously  be  scaled  down  to  determinations  in 
lower  amounts  and  single  frog’s  gastrocnemii  could  be  used. 
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Adenylpyrophosphate  in  blood. 

Principle  and  Procedure.  This  determination  is  carried  out  in 
practically  the  same  way  as  for  muscle.  The  blood  may  be  re¬ 
ceived  into  a  graduated  cylinder  containing  about  one-tenth  of  the 
expected  volume  of  1-3%  potassium  oxalate.  After  collecting  and 
mixing  the  exact  volume  is  read.  The  blood  is  then  laked  in  the 
same  volume  of  water.  To  10  ml.  of  the  laked  blood  is  added 
5  ml.  10%  ice-cold  trichloracetic  acid  and  the  mixture  centrifuged. 
10  ml.  of  clear  fluid  are  pipetted  into  a  25  ml.  centiifuge  and  a 
drop  of  phenolphthalein  added,  and  the  mixture  brought  to  a  faint 
pink,  proceeding  firstly  with  normal  NaOH  then  with  0- 1  N.  4  ml. 
of  25%  neutral  barium  acetate  are  added,  and  from  this  onwards 
the  method  is  identical  with  that  of  muscle,  not  only  in  general 
procedure  but  in  volumes  and  quantities  used. 

Calculation.  Similar  to  the  previous  method.  The  A.T.P. 
amino-nitrogen  analysed  corresponds  here  to  0-5  ml.  approxi¬ 
mately  of  original  oxalated  blood.  If  1-3%  potassium  oxalate  has 
been  used  to  prevent  clotting,  this  must  also  be  allowed  for  (as 
also  the  fact  that  1  vol.  blood  contains  0-85  vol.  water). 

Solutions  required.  Same  as  for  muscle,  with  addition  of 
1-3%  potassium  oxalate  (ammonia-free). 

Determination  of  adenylic  acid  in  the  presence  of  A.T.P.  in 
muscle  and  blood.  If  free  adenylic  acid  is  present  it  is  left  in 
solution  after  the  precipitation  out  of  the  barium  salt  of  the 
A.T.P.  Suitable  methods  similar  to  that  of  the  A.T.P.  determina¬ 
tion  may  therefore  be  devised,  the  barium  being  removed  by 
sulphuric  acid  with  subsequent  neutralisation,  etc. 

A  short  method  for  determining  the  total  A.T.P.  and 
adenylic  acid  in  blood. 

Since  there  is  no  appreciable  amount  of  free  adenylic  acid  in 
freshly  shed  blood,  this  may  be  also  taken  as  a  short  method  for 
determining  the  A.T.P.  of  blood. 

Principle.  The  blood  is  acted  on  directly  by  muscle  extract,  the 
preformed  ammonia  in  the  blood  itself  and  extract  under  similar 
conditions  being  also  determined. 

Procedure.  The  following  solutions  are  introduced  into  small 
stoppered  Erlenmeyer  flasks. 


MICRODIFFUSION  ANALYSIS  (METHODS) 

Flask  T‘  5  mL  laked  blood  P]us  1  ml.  buffer  (maleic  acid)  plus  4  ml. 
muscle  extract  (1/10  with  0-6  NaCl). 

Flask  IL  5  ml-  laked  blood  Plus  1  ml.  buffer  (maleic  acid)  plus  4  ml. 
water. 

Flask  III.  5  ml.  water  plus  1  ml.  buffer  (maleic  acid)  plus  4  ml.  muscle 
extract. 

Flask  II  is  analysed  for  ammonia  at  once  after  setting  up,  and 
flasks  I  and  III  after  1  hour  at  room  temperature. 

In  the  analysis  1  ml.  fluid  is  pipetted  into  the  outer  chamber  of  a 
prepared  ‘  unit  1  ml.  saturated  carbonate  added  and  the  ‘  unit  ’ 
left  for  If  hours  at  room  temperature.  (Solutions  of  Range  II 
used.)  (0-5  ml.  volumes  may  also  be  used  with  solutions  of 
Range  III  (p.  86),  1  ml.  being  placed  in  the  central  chamber  in¬ 
stead  of  0-7  ml.  as  usual  with  this  range.) 

The  total  adenyl  amino  N  is  given  as  mg./ 100  ml.  original 
oxalated  blood  by 

(I  -  II  -  III)  x  4  x  0  0003  x  100, 

(I -II -III)  xO-12, 

where  I,  II  and  III  represent  the  ammonia  from  flasks  I,  II  and 
III  in  large  divisions  on  the  burette,  using  alkali  of  Range  II 
(Table  V).  It  is  supposed  in  this  calculation  that  the  blood,  as 
before,  has  been  laked  by  an  equal  volume  of  distilled  water.  If 
the  1-3%  oxalate  solution  is  used  to  prevent  clotting,  allowance 
must  be  made  for  this  in  the  final  calculation. 

In  the  above  determination  about  10  large  burette  divisions 
may  be  expected  to' correspond  to  the  adenyl  amino  N  in  the 
blood.  Much  smaller  volumes  of  blood  may  be  used  with  similar 
accuracy. 

The  results  with  this  method  are  similar  to  the  Buell  and  Perkins 
determinations  of  total  adenine  nucleotide. 

Solutions  required  for  short  method. 

Maleic  acid  buffer,  20  c.c.  5-8%  maleic  acid  plus  17-3  ml.  JV/1  NaOH. 

1  in  10  muscle  extract  with  0-6%  NaCl.  The  muscle  is  ground  with  some 
quartz  sand  and  saline,  then  cleared  by  centrifuging. 

Determination  of  other  amino  purine  derivatives  by  the  present 
technique.  The  possibility  of  these  determinations  may  at 
present  be  only  indicated. 
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Adenosine.  Whole  or  laked  blood  deaminates  adenosine  with 
great  rapidity  and  specificity,  the  process  being  complete  in 
about  15  minutes  at  a  pH  of  7  0  and  a  1  in  5  dilution  of  rabbit 
blood  (room  temp.)  (Conway  and  Cooke,  1937,  1938).  Provided 
adenylic  acid  (adenosine  5-phosphate)  or  adenylpyrophosphate 
is  present  in  less  than  0-1%,  with  AT/10  phosphate,  it  does  not 
appreciably  interfere.  No  ammonia  is  formed  from  guanosine, 
cytidine,  adenine,  guanine,  cytosine,  glycine,  aspartic  acid,  tyro¬ 
sine,  tryptophane,  leucine,  histidine,  cystine,  histamine,  choline, 
iso-amylamine,  butylamine,  acetamide,  propionamide,  butyramide, 
glucosamine,  urea,  etc.  (1938). 

Adenine,  guanine,  etc.  Ferments  specific  for  such  sub¬ 
stances  have  been  already  investigated  by  many  observers 
(e.g.  Amberg  and  Jones,  1911,  Schmidt,  1932),  and  it  is  found  here 
that  a  very  rich  source  of  a  number  of  such  deaminases  is  the 
nucleated  corpuscles  of  the  fowl.  They  contain,  for  example,  a 
high  concentration  of  adenase,  which  is  otherwise  rare  ;  also 
guanase,  and  ferments  deaminating  cytidine,  cytosine,  etc. 
(Conway  and  Cooke,  1938). 


CHAPTER  XX 


NITRATE,  NITRITE  AND  AMIDE  NITROGEN 
Nitrate  and  Nitrite. 

Total  nitrate  and  nitrite  are  estimated  by  reducing  to  ammonia  by 
Devarda  s  alloy  acting  in  the  presence  of  strong  alkali  in  the  outer 
chamber  of  a  microdiffusion  ‘  unit  the  ammonia  being  absorbed 
as  usual  in  the  central  chamber.  For  more  than  10  [ig  nitrate  N, 
the  absorbent  may  be  boric  acid  reagent,  and  for  less  than 
10  ixg  N03  -  N,  the  Ba(OH)2  -  HC1  technique  may  be  used. 

Procedure.  Into  the  outer  chamber  of  the  standard  ‘  unit  ’  is 
introduced  about  0- 1-0-2  g.  powdered  Devarda’s  alloy,  and  into 
the  central  chamber  1  ml.  of  the  boric  acid  reagent  (as  described  on 
page  96).  0-5  ml.  of  the  nitrate  solution  is  carefully  pipetted  into 

the  outer  chamber  and  the  lid  of  the  ‘  unit  ’  placed  in  position.  1  ml. 
of  the  alkali  mixture  is  then  introduced  into  the  outer  chamber  of 
the  ‘  unit  ’,  and  the  contents  mixed  and  allowed  to  stand  on  the 
bench  for  50  minutes,  the  central  chamber  being  then  titrated  with 
standard  HC1  from  the  Conway  burette. 

Solutions,  etc.  In  addition  to  those  already  described  for 
ammonia  determinations  : 

Alkali  mixture  -  (Saturated  K2C03,  40%  KOH  3  :  1). 

Devarda' s  alloy  -  Finely  powdered. 

Note  on  the  determination.  It  is  obvious  that  the  above  pro¬ 
cedure  gives  the  total  of  preformed  ammonia  and  that  of  nitrate 
and  any  nitrite  present.  A  determination  of  the  preformed 
ammonia  may  be  made  simultaneously,  and  allowed  for  in  the 
calculation.  If  nitrite  is  present  in  appreciable  amount  and  it  is 
required  to  estimate  it  separately  from  nitrate,  it  can  be  driven  off 
by  acidifying  the  0-5  ml.  in  the  outer  chamber  (not  adding  the 
Devarda’s  alloy  until  later)  by  acidification  to  about  pH  1  by  a 
drop  of  acid,  and  exposing  on  the  bench  for  one  hour,  then  pro¬ 
ceeding  with  the  determination  as  above. 
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Amide  nitrogen  in  biological  fluids. 

Borsook  and  Dnbnoff’s  method  (1939).  This  was  described  for 
02  ml.  volume  of  dilute  biological  fluids.  The  amide  N  is  split  off 
as  ammonia  by  heating  with  acid,  the  ammonia  being  then 

determined.  ( 

Procedure.  To  1  vol.  of  the  fluid  is  added  0-5  vol.  of  3A  H2S04 

in  a  small  Kjeldahl  digestion  tube,  the  tube  covered  with  a  cap  of 
tin-foil  and  set  away  in  a  boiling  water  bath  for  3  hours.  After 
3  hours,  the  tube  is  cooled  and  0-5  ml.  of  2-9  N  IvOH  added. 
The  mixture  is  then  made  up  to  a  definite  volume.  In  the  Borsook 
and  Dubnoff  procedure  (as  described  on  page  129)  the  small 
Kjeldahl  tubes  contain  a  constriction  and  suitable  mark,  and  an 
aliquot  is  taken  for  the  microdiffusion  procedure  in  the  usual  way, 
using  saturated  metaborate  for  the  alkali  mixture  as  described. 

Simultaneous  determinations  of  the  preformed  ammonia  are 
carried  out. 

The  above  procedure  may  be  suitably  modified  as  follows  : 
If,  for  example,  0-5  c.c.  of  the  fluid  is  taken  and  0-25  c.c.  of 
3 N  H2S04  added,  then  after  digestion  the  remaining  volume  is 
carefully  and  as  fully  as  possible  pipetted  into  the  outer  chamber 
of  a  standard  ‘  unit  ’.  The  digest  tube  is  washed  twice  with 
0-2  vol.  of  distilled  water,  these  being  transferred  into  the  outer 
chamber.  Into  the  central  chamber  is  pipetted  the  absorbing 
reagent  and  the  1  unit  ’  closed  after  which  1  c.c.  saturated  meta¬ 
borate  containing  10%  KOH  is  introduced  and  the  ammonia 
determination  carried  through  in  the  usual  way. 

Solutions,  etc.  ( other  than  the  usual  reagents) : 

3 N  H2S04. 

2-9  N  KOH. 

Saturated  potassium  metaborate  :  containing  10%  KOH. 


CHAPTER  XXI 

AMINE  GROUP 

DETERMINATION  OF  VOLATILE  AMINES 

The  lower  aliphatic  amines  are  volatile  substances  resembling 
ammonia  itself  in  many  properties.  Trimethylamine  is  important 
biologically  as  associated  with  bacterial  decomposition.  As  a  test 
for  such  it  has  been  used  in  the  Atlantic  and  Pacific  Experimental 

Fisheries  Stations.  A  method  for  determining  trimethylamine _ 

using  the  standard  ‘  unit  ’ — has  been  worked  out  by  Beatty 
and  Gibbons  of  the  Atlantic  Station  (1937)  and  is  described 
below. 

The  test  was  also  used  by  Brockelsby  and  Riddell  of  the  Pacific 
Station  (Prince  Rupert,  B.C.)  in  studies  on  iced  halibut  (1937). 

A  paper  by  Richter  (1937)  indicates  the  metabolic  importance 
of  these  lower  aliphatic  amines  (methylamine,  dimethylamine, 
ethylamine).  It  was  shown  that  in  the  oxidation  of  adrenaline 
by  the  enzyme  described  by  Blaschko,  Richter  and  Schlossmann 
(1937),  in  liver,  intestine,  etc.,  of  mammalian  tissues  methylamine 
was  formed ;  from  epinine  and  Lp-sympatol  methylamine  was 
also  formed  ;  from  dZ-alkalamine  ethylamine  and  from  hordenine 
dimethylamine . 

In  the  identification  and  quantitative  determination  of  these 
amines  and  ammonia,  Richter  used  the  standard  ‘  unit  ’  (No.  1). 

Richter’s  method  for  the  identification  of  the  volatile  amines 
formed  in  enzymic  mixtures  (from  the  Biochemical  Journal,  31, 
2022) : 

Ammonia  is  liberated  from  the  reaction  products  by  treatment 
with  an  equal  volume  of  saturated  K2C03  in  a  standard  ‘  unit 
It  is  then  converted  into  (a)  the  picrate,  and  ( b )  the  2-4-dinitro- 
naphthol  derivative  by  introducing  about  0-05  mg.  of  the  reagent 
suspended  in  a  drop  of  water  on  a  cover-slip  attached  by  vaseline 
to  the  lid  of  the  standard  ‘  unit  For  identifying  the  volatile 
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amines  traces  of  ammonia  coming  from  the  enzyme  preparation 
were  first  removed  by  keeping  the  solution  with  an  equal  volume 
of  saturated  K2C03  for  45  minutes  at  37°  C.  in  a  ‘  unit  ’  containing 
dilute  sulphuric  acid  in  central  chamber. 

In  this  time  99-5%  of  the  ammonia,  but  only  a  much  smaller 
fraction  of  the  amines,  passes  over  into  the  acid.  The  residual 
amine  is  then  converted  into  the  derivatives  (a)  and  (6)  as  with 
ammonia,  and  the  derivatives  are  identified  by  examining  the 
optical  properties  of  the  crystals  with  the  polarizing  microscope  in 
plane  and  polarised  light  (Klein  and  Steiner,  1928).  The  deriva¬ 
tives  may  be  recrystallised  on  the  cover-slips  in  order  to  obtain 
well-defined  crystals. 

It  is  possible  to  identify  small  quantities  of  amines  (of  the 
order  of  lOy)  very  rapidly  and  with  a  high  degree  of  certainty. 
Richter  lists  the  following  properties  for  identification,  some  of 
which  were  previously  given  by  Klein  and  Steiner  (1928). 


Table  XI 


Habit 


Pleochroism 

Extinction 

Interference 

Crystal  edge 
angles 


Reagent. 

Ammonia. 

M  ethyl  - 
amine. 

Dimethyl- 

amine. 

Ethylamine. 

Picrates. 

Prisms 

Plates 

and 

Prisms 

Plates 

Plates 

Weak 

Distinct 

Strong 

Weak 

Parallel 

Parallel 

Parallel 

42° 

Medium 

Strong 

Strong 

a=  129° 

Strong 

a  =  137° 

<x=  117° 

j8=  141° 
y=  102° 

8  =  78° 

a  =  96° 
j8=  132° 

Plates 

and 

Prisms 

Strong 

Parallel 

Very 

strong 

«=  123° 


2  •  4- Dinitronaphthol  derivatives. 


Habit 

Prisms 

Fine- 

Blunt- 

pointed 

ended 

needles 

prisms. 

often 

Pleochroism 

Weak 

Weak 

curved 

Yellow- 

brown 

Extinction 

0-10° 

Angular 

Parallel 

Short 
prisms, 
square  - 
ended 

Marked 

yellow- 

brown 

20° 


Plates 


Weak 


Angular 
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Quantitative  estimation  of  volatile  amines  (Richter,  1937). 

The  absorptions  of  several  volatile  amines  compared  with  am¬ 
monia  are  given  in  Fig.  45  (from  the  Biochemical  Journal).  Each 
‘  unit  ’  contained  1  ml.  of  0-01 5ilf  amine  hydrochloride  and  1  ml. 
saturated  K2C03  in  the  outer  chamber  and  2  ml.  of  iV/100  sul¬ 
phuric  acid  in  the  central  compartments.  Richter  comments  on 
the  fact  that  iso-butylamine  and  iso-amylamine,  although  much 
less  volatile  than  methylamine,  were  absorbed  quickly,  and  con¬ 
siders  the  probable  explanation  as  due  to  the  lesser  solubility  of 


Hours 


Fig.  45.  Rates  of  absorption  of  amines.  I,  ammonia.  II,  iso- 
butylamine.  Ill,  methylamine.  IV,  z'so-amylamine.  V,  ethylamine. 
VI,  benzylamine.  At  37°  in  standard  ‘  unit  (from  Richter  s  diagrams 
in  the  Biochemical  Journal,  31,  p.  2020). 


the  first  two.  That  this  explanation  is  correct  will  appear  from 

the  considerations  in  Chapter  IV. 

Prior  to  Richter’s  paper  some  preliminary  observations  had 
been  carried  out  here  with  regard  to  the  amine  absorption  rates. 
These  may  be  summarised  provisionally  in  the  following  table. 

These  absorption  rates  into  the  central  chamber  of  the  unit 
were  investigated  on  N/ 250  solutions  of  the  corresponding 
chlorides,  the  absorption  taking  place  into  1  ml.  of  N/ 150  acid 
(solutions  of  Range  I  used).  Into  the  outer  chamber  was  run  1  ml. 
of  the  Nf 250  solution  of  the  amine  hydrochloride  and  then  1  ml.  of 
0-i  N  NaOH  or  1  ml.  of  saturated  potassium  carbonate.  The  latter 
solution  has  a  very  marked  effect-as  with  ammonia-in  increas¬ 
ing  the  tension  of  the  dissolved  amine. 
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The  amines  listed  in  Table  XII  would  be  completely  absorbed 
in  hours  at  room  temperature,  when  about  10  times  the  half 


Table  XII 


50%  absorption  period  (mins.). 

1  ml.  0-liV 

1  ml.  sat. 

pH  at  which 

Amine  hydrochloride 

NaOH  added 

pot.  carb.  added 

the  amine  is 

(1  ml.  N /250  solution 

to  1  ml.  in 

to  1  ml.  in 

50%  dissociated 

in  outer  ch.). 

outer  chamber. 

outer  chamber. 

(1926). 

Ammonia  - 

30 

10 

9-4 

Methylamine 

99 

19 

10-6 

Dimethylamine  - 

80 

22 

10-8 

Trimethylamine  - 

22 

5 

9-8 

Ethylamine 

100 

16 

10-6 

Diethylamine 

86 

9 

110 

Triethylamine 

16 

4 

10-7 

Room  temperature  20-23°  C. 


absorption  period  with  saturated  potassium  carbonate  is  allowed. 
From  Richter’s  figure  (Fig.  45),  however,  the  absorption  of  the 
last  10%  of  the  methylamine  is  unexpectedly  slow.  Trimethyl- 
amine  and  triethylamine  go  very  fast,  and  1  hour  would  be 
sufficient  for  their  complete  absorption.  The  difference  between 
the  pH  value  for  half  dissociation  of  the  amines  gives  a  means  if 
necessary  of  an  analytical  separation.  Thus  if  a  dilute  borate 
buffer  solution  were  used  sufficient  to  maintain  the  pH  approxi¬ 
mately  at  9-4  and  the  same  volumes  otherwise  used,  then  after 
260  minutes  at  room  temperature  (20°  C.  approximately)  the 
following  are  the  probable  order  of  the  amounts  absorbed  : 


Ammonia  - 

Trimethylamine  - 

Triethylamine 

Methylamine 

Ethylamine 

Dimethylamine  - 

Diethylamine 


.i.)  0 

90% 

73% 

10% 

9% 

SO/ 

5  /o 

KO/ 

°  /  o 


For  the  present  the  figures  of  this  list  must  be  taken  only  as  very 
approximate  and  merely  practical  guides,  since  they  have  not 
been  actually  tested,  but  derived  from  calculations  on  the  pre- 
sumed  course  of  the  absorption  and  the  data  of  the  previous 
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T rimethylamine  method  of  Beatty  and  Gibbons  (1937). 

Principle.  T  he  method  was  devised  for  determining  tri- 
methylamine  in  press  juice  obtained  from  the  muscle  of  fishes. 
The  reaction  between  formaldehyde  and  ammonia  is  utilised  to 
hold  back  the  ammonia  while  the  trimethylamine  diffuses  over 
into  acid  in  the  central  chamber,  the  amount  being  subsequently 
determined  by  titration. 

Method.  In  obtaining  the  press  juice  a  press  cup  of  brass  is 
taken  which  is  perforated  with  holes  1/16  inches  ( ca .  2T  mm.)  in 
diameter.  The  cup  is  lined  with  Whatman  No.  1  filter  paper  and 
filled  with  the  muscle  under  examination.  A  circular  sheet  of  filter 
paper  is  placed  over  the  sample,  a  brass  plunger  inserted  and 
pressure  applied.  In  the  inner  chamber  of  the  standard  ‘  unit  ’  is 
placed  a  measured  excess  of  standard  acid,  usually  about  one- 
seventieth  normal.  In  the  outer  chamber  is  placed  1  ml.  press 
juice  and  0-5  ml.  formaldehyde  solution.  Usually  commercial 
formalin,  shaken  with  an  excess  of  magnesium  carbonate  and 
filtered  or  decanted,  gives  zero,  or  an  extremely  low,  blank.  After 
the  addition  of  the  formaldehyde  the  lid  with  fixative  is  placed  in 
position  and  the  dish  rotated  to  ensure  thorough  mixing  of  press 
juice  and  formaldehyde.  1  ml.  of  saturated  potassium  carbonate 
is  added  in  the  customary  manner,  the  lid  being  slightly  displaced 
and  subsequently  replaced. 

The  dish  is  rotated  to  mix  the  contents  and  is  placed  in  an  in¬ 
cubator  at  36°  C.  for  2  hours,  after  which  the  excess  standard  acid 

is  titrated. 

It  is  obvious  that  the  standard  acid  may  here  be  made  up  in 
the  usual  way  of  incorporating  the  indicator  in  the  standard 

acid  (page  89). 

Suggested  modifications.  Instead  of  using  press  juice  an  extract 
formed  by  grinding  with  quartz  sand  and  clearing  by  centrifuging 
would  apparently  work  as  well  as  the  press  juice— using  weaker 
standard  acid.  Also  if  0-5  ml.  of  this  and  0-2  ml.  formaldehyde  be 
used  the  ‘  unit  ’  may  be  left  on  the  bench  for  2  hours  instead  of 
being  incubated.  In  this  way  the  solutions  of  Range  I  or  II 
(Table  V,  Chapter  IX)  will  be  found  suitable. 

To  illustrate  the  kind  of  figures  obtained— using  the  previous 
method— the  following  example  may  be  given  from  the  accoun 
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by  Brocklesby  and  Riddell.  The  halibut  caught  8  hours  previ¬ 
ously  (and  presumably  stored  in  the  fish-hold,  which  is  approxi¬ 
mately  at  1-5°  C.)  were  dressed,  iced  and  boxed,  then  stored  on  ice 
in  a  cool  room.  The  trimethylamine  content  in  the  back  muscle 
just  behind  the  head,  which  was  found  to  be  0-2  part  per  100,000 
immediately  on  arrival,  remained  very  steady  up  to  the  ninth  day, 
when  it  was  0-4  part.  On  about  the  twelfth  day  a  rapid  change 
set  in,  the  trimethylamine  content  being  then  1-3  parts,  and  on  the 
15th  day  12-8  parts  per  100,000.  With  halibut  muscle  juice  (1937) 
stored  at  35°  the  change  set  in  rapidly  on  the  sixth  day. 

Such  changes  in  the  trimethylamine  content  at  35°  F.  corre¬ 
spond  in  time  to  marked  changes  observed  (1937,  and  unpublished 
results)  in  the  permeability  of  the  frog’s  sartorius  muscle  in 
Ringer  at  2  to  3°  C.,  with  respect  to  sodium,  potassium,  magnesium 
and  chloride.  These  permeability  changes  set  in  rather  suddenly 
about  the  4th  to  the  6th  day. 

In  the  above  trimethylamine  examination  on  iced  halibut  it 
was  found  by  Brocklesby  and  Riddell  that  if  the  fish  were  given  a 
five-minute  dip  in  a  2%  formaldehyde  solution  before  icing,  after 
16  days  the  trimethylamine  content  was  below  0-8  part  per  100,000. 
No  formaldehyde  had  penetrated  the  skin,  which  with  the  cut 
surface  was  also  rendered  impermeable  to  the  further  penetration 
of  bacteria.  The  experiment  illustrates  the  bacterial  origin  of  the 
trimethylamine . 
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THE  HALOGENS  (INTRODUCTORY) 

The  principle  used  in  the  determination  of  the  halogen  salts  con¬ 
sists  in  oxidation  to  the  free  element  in  the  outer  chamber,  by  oxi¬ 
dants  such  as  acid  permanganate  or  dichromate,  and  the  absorption 
of  these  by  diffusion  in  the  central  chamber  in  1  ml.  of  20%  potas¬ 
sium  iodide,  where  it  liberates  an  equivalent  amount  of  free  iodine. 

The  high  percentage  of  iodide  is  selected  to  prevent  subsequent 
diffusion  of  iodine  from  the  central  chamber. 

Subsequent  to  the  complete  absorption,  the  free  iodine  when 
it  exceeds  a  concentration  of  iV/1000  (3 5yg  chlorine)  is  titrated 
with  N 1 20  thiosulphate,  a  distinct  end-point  change  occurring  with 
less  than  a  small  division  of  the  micro  burette  and  sufficiently 
sharp  for  obtaining  a  coefficient  of  variation  of  0-5%  with  the  single 
determination,  using  amounts  of  the  order  of  0-3  mg.  chlorine. 

It  may  be  noted  that  the  presence  of  the  20%  iodide  introduces 
a  purplish  colour  into  the  starch  iodide  end-point  instead  of  the 
usual  blue,  but  this  introduces  no  practical  difficulty  in  the 
titration  as  described. 

Below  a  level  of  35  y g  chlorine  (1  ml.  of  NJ 1000)  No.  2  ‘  unit  ’ 
may  be  used,  with  0-1  ml.  20%  KI  in  the  central  chamber,  titrating 
with  suitably  dilute  thiosulphate.  For  the  lowest  levels  (less  than 
7 fxg  Cl)  the  starch  iodide  colour  is  determined  after  starch  addi¬ 
tion.  Though  the  method  has  been  worked  out  on  the  above 
principle,  it  is  capable  of  wide  variation  with  respect  to  possible 
absorbents  and  modification  of  the  colorimetry  or  the  titration 
method,  but  such  need  only  arise  when  it  is  desired  to  exceed 

the  high  accuracies  already  found. 

With  the  colorimetry  at  the  lowest  levels,  it  is  advisable  to  plot  one's 
own  curve  of  recoveries  with  respect  to  the  theoretical  quantities,  as 
slight  and  possibly  unsuspected  changes  in  procedure  may  alter  a  little 
the  values  already  described. 

The  titration  with  thiosulphate.  The  thiosulphate  used  is  A  - 
and  keeps  well  when  a  trace  of  carbonate  is  added.  If  controls  of 
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1  ml.  of  N/100  HC1  are  occasionally  carried  out  the  thiosulphate 
need  not  be  otherwise  standardised.  The  starch  solution  used  is 
0-2%  dissolved  by  boiling,  with  a  minute  quantity  of  mercuric 
iodide  as  described  in  text.  Other  observers  may  prefer  different 
solutions,  such  as  cold  extract  of  soluble  starch  cleared  by  centri¬ 
fuging.  Any  starch  solution  used,  however,  should  be  clear  and 
give  a  marked  end-point  change  with  less  than  a  single  small 
division  on  the  burette. 

In  the  region  35  to  l\xg  Cl,  the  strength  of  the  thiosulphate  may 
be  iV/200-A7400  with  the  ordinary  bore  graduated  tubing  of  the 
Conway  burette  but  more  concentrated  solutions  can  be  used  with 
narrower  bore. 

Delicacy  of  the  microdiffusion  method  of  halogen  analysis. 

The  possible  delicacy  of  chloride  determinations  depends  on  how 
far  we  can  determine  photometrically  the  concentration  of  free 
iodine  in  the  iodide  using  starch  solution,  or  some  equally  sen¬ 
sitive  reagent  for  testing  free  chlorine  (e.g.  o-tolidine)  or  free 
iodine. 


With  0-5  ml.  of  0-1%  starch  addition  to  1  ml.  20%  Ivl  we  get 
for  the  free  iodine  equivalent  of  1  chlorine  absorbed  an  extinction 
of  0-94  with  50  mm.  stratum  layer.  With  0-7  ml.  iodide  and 
0-3  ml.  starch  this  would  become  1-4.  The  extinction  values  were 
determined  with  a  Leitz  instrument  using  filter  No.  3,  but  higher 
values  can  be  obtained  with  filters  No.  2  or  1,  giving  wavebands 
in  the  purple,  but  not  so  convenient  to  work  with  owing  to  the 
weakness  of  this  band  in  the  usual  light  source.  The  extinction 
may  in  short  be  increased  to  2-0. 


Since  accurate  photometric  determinations  can  be  carried  out 
with  extinctions  of  0-25,  it  is  possible  therefore  to  determine 
chloride  accurately  down  to  0-ly  chlorine  with  the  standard 
unit  (No.  1).  This  would  mean,  however,  special  preparation 
o  units  to  decrease  the  blank  value  further,  though  this  diffi¬ 
culty  scarcely  arises  with  bromide  ;  also  a  further  investigation  of 
t  le  s  lght  initial  lag  in  free  iodine  formation,  as  described  in  the 
subsequent  account  of  methods,  would  be  desirable. 

The  above  considerations  apply  to  a  limit  of  50  mm.  stratum 
usmg  volume  of  the  order  of  1  ml.  Further  possibilities  excusing 
the  micro  cells  of  the  Spekker  or  Pulfrieh  instruments. 
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CHLORIDE 

Principle  and  Introductory.  The  principle  used  in  the  micro¬ 
determination  of  chloride  consists  in  oxidising  the  chloride  to 
chlorine  gas  by  a  suitable  acid  permanganate  mixture  in  the  outer 
chamber,  the  chlorine  so  formed  being  absorbed  by  potassium 
iodide  in  the  central  chamber,  where  it  liberates  an  equivalent 
amount  of  iodine. 

The  formation  of  the  chlorine  gas  takes  place  quite  readily  at  room 
temperature,  and  its  absorption  is  complete  in  one  hour  and  a  half. 

For  a  range  of  chloride  down  to  35 [ig  (0-035  mg.)  the  liberated 
iodine  is  best  titrated  with  sodium  thiosulphate  solution,  most 
suitably  by  0-05N  solution  from  the  horizontal  burette  described 
in  Chapter  VI.  Chloride  quantities  of  the  order  0- 3-0-4  mg. 
chlorine  (corresponding  to  the  amount  in  0-1  ml.  plasma)  can  be 
determined  with  a  coefficient  of  variation  of  0-5%. 

(Below  35/j,g  Cl,  and  down  to  Ifxg  Cl,  the  No.  2  ‘  unit  ’  is  con¬ 
venient,  the  thiosulphate  being  iV/200  or  2V/400  as  previously 
mentioned.) 

Below  l[ig  chlorine  the  iodine  liberated  in  the  central  chamber 
is  determined  colorimetrically  or  spectrophotometrically  after 
developing  the  starch-iodine  colour. 

Procedure. 

(a)  Chloride  determination  down  to  35 ng  chlorine.  Into  the 
central  chamber  of  a  ‘  unit  ’  is  run  approximately  1  ml.  of  a  20% 
potassium  iodide  solution.  Into  the  outer  chamber  is  introduced 
about  0-2  g.  of  pure  potassium  permanganate,  taking  care  that 
none  of  the  grains  are  spilled  into  the  central  chamber  ;  this  may 
be  done  without  any  difficulty  when  using  a  spoon  spatula.  The 
quantity  of  permanganate  need  be  only  very  roughly  judged  and 
weighed  but  once  to  form  an  idea  of  the  bulk.  1  ml.  of  the  fluid  to 
be  analysed  is  introduced  from  an  Ostwald  pipette  into  the  outer 
chamber.  One  of  the  square  glass  lids  for  covering  the  ‘  unit  is 
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now  lightly  smeared  over  its  surface  with  the  special  fixative  (see 
below).  The  lid  is  placed  so  as  to  just  allow  the  introduction  of  the 
tip  of  a  pipette.  The  ‘  unit  ’  is  slightly  tilted — this  most  conven¬ 
iently  by  resting  it  on  another  lid — and  1  ml.  of  a  sulphuric  acid 
solution  containing  24-30%  by  volume  of  pure  sulphuric  acid 
(s.g.  1-84)  is  run  into  the  outer  chamber.  The  lid  is  immediately 
fixed  in  position  and  the  fluid. in  the  outer  chamber  rotated  gently 
about  10  times  to  ensure  adequate  mixing.  The  ‘  unit  ’  is  then 
left  aside  on  the  bench  after  being  first  examined  to  see  if  it  is 
sealed  all  around — which  is  evident  by  the  transparency  of  the 
contact.  After  U  hours  the  lid  is  removed  and  the  contents  of  the 
central  chamber  are  titrated  with  0-05^  thiosulphate  from  the 
burette  previously  described,  using  a  drop  of  starch  indicator 
towards  the  end.  The  iodine  starch  colour  is  purple  or  violet  in  the 
presence  of  the  iodide.  For  this  titration  the  Bang  2  ml.  standard 
burette  may  also  be  used  containing  0-005^  thiosulphate. 

A  blank  determination  with  the  reagents  is  carried  out  at  the 
same  time. 

Calculation  of  the  result.  After  subtracting  the  blank  value,  the 
amount  of  thiosulphate  is  multiplied  by  its  chlorine  equivalent  for 
the  determination.  This  latter  may  be  determined  with  fresh 
thiosulphate  solution  by  making  an  initial  duplicate  determination 
of  1  ml.  of  0-014lAr  HC1,  each  ml.  of  which  contains  0-5  mg.  of 
chloride  as  chlorine.  The  burette  reading  here  multiplied  by  2  gives 
the  figure  required  for  1  mg.  of  chlorine.  In  the  Conway  burette 
0-05 A7  thiosulphate  is  used,  and  when  made  up  with  a  trace  of 
sodium  carbonate  keeps  for  a  long  period.  (See  reagents  below.) 

If  the  thiosulphate  is  directly  standardised  by  titration  of 
standard  iodine  in  20%  KI,  the  result,  calculated  as  chloride,  is 
multiplied  by  1-03.  This  factor  does  not  arise  from  the  oxidation 
and  absorption  of  the  chlorine  not  being  quantitative,  but  is  due 
to  a  slight  diffusion  of  the  liberated  iodine  from  the  central 
chamber  The  factor  1-03  applies  for  1^2|  hours  after  the  addition 

refer'redt  bZ-a)C'd  *  ^  ^  <ThiS  P°in‘  “  a§ai" 

The  above  method  is  independent  of  the  presence  of  protein  to 
the  extent  of  1  mg.,  i.e.  0-1%  in  1  ml.  P 

If  it  is  found  desirable  to  carry  out  a  determination  with  greater 
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or  lesser  volumes  than  1  ml.,  the  total  acidity  in  the  outer  chamber 
should  lie  between  12  to  15  volumes  %  of  sulphuric  acid.  This 
and  other  conditions  are  discussed  subsequently. 

If  there  is  not  much  organic  matter  present  it  may  be  found 
more  convenient  to  add  the  permanganate  as  1  ml.  of  the  saturated 
solution  to  1  ml.  of  the  solution  for  analysis  in  the  outer  chamber. 
The  acid  subsequently  added  should  be  0-5  ml.  of  60-75%  (by 
volume)  sulphuric  acid. 

Reagents. 

1.  20%  potassium  iodide.  This  solution  does  not  require  to  be 
accurately  made  up.  It  should  be  stored  in  a  brown  bottle  and  is 
best  made  in  small  quantities  at  a  time.  A  small  amount  of  free 
iodine  will  not  affect  the  result  since  it  will  be  allowed  for  in  the 
blank.  For  chloride  determinations  below  3 5/xg  chlorine  the  potas¬ 
sium  iodide  should,  however,  be  freshly  made  up,  or  at  least  give 
no  perceptible  colour  when  viewed  in  a  thick  layer. 

2.  24-30%  (by  volume)  sulphuric  acid.  The  purest  sulphuric 
acid  should  be  used  with  s.g.  1-84,  24-30  ml.  being  run  into  about 
60  ml.  distilled  water  in  a  beaker  and  made  up  to  100  ml.  after 
cooling. 

3.  0-05 A7  thiosulphate.  This  is  made  up  in  the  usual  way  by 
dissolving  12-42  g.  to  make  1  litre  of  solution.  To  preserve  the 
solution  50  mg.  of  sodium  carbonate  are  added  per  litre. 

4.  Potassium  permanganate.  Only  the  purest  analytical  re¬ 
agents  should  be  used.  The  crystals  are  ground  to  a  powder  in  a 
clean  mortar  and  preserved  for  convenience  in  a  small  wide-necked 
stoppered  bottle. 

5.  The  fixative.  This  is  formed  by  melting  50  g.  of  paraffin  wax 

(m.p.  49°  C.)  in  80  ml.  of  pure  liquid  paraffin  in  a  beaker  and  cooling 
the  mixture  ;  more  or  less  of  solid  paraffin  may  be  used  in  accord¬ 
ance  with  the  prevailing  temperature  of  the  room.  The  paraffin 
wax  supplied  by  the  British  Drug  Houses  is  suitable  for  use, 
though  some  samples  supplied  at  higher  melting  points  were  not 
sufficiently  free  from  impurities,  when  carrying  out  the  finest  deter¬ 
minations.  ,  . 

6  0-2%  starch  solution.  A  suitable  solution  is  that  ot 

Mutnianski  as  described  by  Kolthofif  (1931).  In  this  method  2  g. 


CHLORIDE  18/ 

of  soluble  starch  and  10  mg.  mercuric  iodide  are  ground  to  a 
paste  with  a  little  water  and  poured  into  1  litre  of  boiling  water. 
The  solution  is  clear  and  does  not  alter  over  a  long  period  if  kept 
in  a  brown  bottle. 

Accuracy,  etc.,  of  method.  A  coefficient  of  variation  of  0-55% 
may  be  expected.  In  a  typical  group  of  25  determinations  23 
gave  results  within  1*2%  of  the  theoretical. 

It  may  be  noted  that  the  method  can  deal,  practically  speaking, 
with  the  largest  amounts  of  chloride,  but  at  the  same  time — as 
above  mentioned — it  is  advisable  for  convenience  in  titration  that 
the  fluid  be  diluted  if  necessary,  so  that  1  ml.  contains  not  more 
than  about  0-7  mg.  chlorine  (or  not  more  than  twice  the  strength 
of  a  1  in  10  blood  filtrate).  Smaller  volumes  than  1  ml.  may  also 
be  used,  with  a  slightly  reduced  accuracy.  The  total  acid  strength 
in  the  outer  chamber,  however,  should  always  be  within  12-15% 
by  volume. 

(6)  Micro -determination  of  chloride  below  35 gg  chlorine. 

This  is  carried  out  in  a  similar  way  to  the  above  using  No.  2 
standard  ‘unit’.  Into  the  central  chamber  is  pipetted  0-1  ml. 
20%  KI,  and  into  the  outer  1  ml.  of  the  solution  after  adding  a 
knife  point  of  powdered  pure  permanganate.  0-2  ml.  of  75% 
H2S04  is  then  introduced  into  the  outer  chamber  after  placing  the 
lid  in  position  as  above.  After  tw^o  hours  the  inner  chamber  is 
titrated  with  standard  thiosulphate  (A/200  or  N/400,  or  stronger 
depending  on  the  bore  of  the  graduated  tube  used  in  the  Conway 
burette).  A  small  drop  of  starch  solution  is  used  to  indicate  the 
end-point. 

(c)  Micro-determination  of  chloride  below  7^gCl.  This  is 
carried  out  as  above,  but  it  may  be  more  satisfactory  to 
add  the  permanganate  and  acid  in  one  solution,  0-5  ml.  of  equal 
volumes  of  75%  sulphuric  acid  and  saturated  permanganate. 

The  final  determination  is  carried  out  colorimetrically  or 
spectrophotometrically  using  the  starch-iodine  colour. 

In  the  determination  2  ml.  of  0-1%  starch  are  pipetted  into  a 
small  tube  and  as  much  as  possible  of  the  central  chamber  con¬ 
tents  pipetted  into  the  tube  and  the  contents  mixed  The  central 
chamber  is  then  washed  out  with  the  mixed  fluid,  the  washings 
being  returned  each  time  to  the  tube. 
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Finally  the  extinction  of  the  fluid  is  obtained  using  a  light  filter 
in  or  towards  the  red  end  of  the  spectrum,  and  the  amount  of  Cl 
read  off  from  a  curve  drawn  for  standard  solutions  similarly  deter¬ 
mined.  The  relation  of  extinction  to  quantity  is  a  straight  line 

which  may  not  pass  exactly  through  the  origin  but  cut  the  abscissa 
slightly  to  the  right. 

(d)  Application  to  chloride  determination  in  blood,  urine  and 
tissues.  Chloride  in  blood.  The  chloride  is  here  determined  in 
protein-free  filtrates,  the  most  suitable  being  the  tungstate  filtrate 
of  Folin  and  Wu  (1919).  Of  this  filtrate  1  ml.  is  a  suitable  volume 
gi\  ing  in  a  subsquent  titration  a  reading  of  about  20  large  divisions 
on  the  burette  containing  0  05iV  thiosulphate.  The  method  de¬ 
scribed  for  quantities  down  to  35 fig  chlorine  may  be  followed  in 
detail.  It  may  be  found  more  convenient,  however,  to  add  the 
acid  and  permanganate  together  as  1  ml.  of  a  mixture  containing 
equal  parts  of  sulphuric  acid — 60%  by  volume — and  saturated 
permanganate.  This  mixture  should  be  freshly  made  up  in  the 
required  amount  for  a  group  of  determinations,  the  acid  and 
permanganate  being  kept  separate  as  stock  solutions.  A  blank 
determination  should  also  be  carried  out  with  the  reagents  in  the 
same  dilution. 

Chloride  in  urine.  The  chloride  in  urine  may  be  determined  for 
convenience  in  0-1  ml.  of  undiluted  urine  (a  slightly  higher 
accuracy  will  be  obtained  using  1  ml.  of  a  urine  diluted  one  in  ten). 
The  method  described  for  chloride  determinations  above  3 5fig 
chlorine  is  followed.  Into  the  outer  chamber  is  pipetted  0T  ml. 
urine  from  an  Ostwald  pipette  after  the  addition  of  approxi¬ 
mately  0*2  g.  of  powdered  permanganate,  the  acid  subsequently 
added  to  the  outer  chamber  being  2  ml.  of  15%  (by  volume) 
sulphuric  acid  (where  1  ml.  of  a  diluted  urine  is  used  1  ml.  of  30% 
sulphuric  acid  should  be  added).  The  remaining  procedure  is  the 
same  as  before,  the  titration  being  carried  out  two  hours  after  the 
addition  of  the  acid. 

Accuracy  of  method  with  blood  and  urine.  The  accuracy 
with  blood  is  the  same  as  that  for  determining  the  chloride  in 
1  ml.  of  0-01A"  HC1,  and  may  be  expressed  as  a  coefficient  of 
variation  of  0-5%. 

Whereas  one  might  have  expected  the  chloride  determinations 
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on  protein-free  filtrates  to  proceed  as  with  standard  solutions, 
the  large  amount  of  organic  matter  in  urine  would  at  first  appear 
likely  to  introduce  a  disturbing  factor.  The  recovery  of  added 
chloride,  however,  has  been  found  quantitative  even  w  ith  album¬ 
inous  urine  containing  1%  protein.  From  a  large  number  of  re¬ 
coveries  and  duplicate  determinations  the  coefficient  of  variation 
for  the  single  determination  using  0-1  ml.  urine  has  been  found  to 
be  0*7%. 


Chloride  in  tissues. 

Amphibian  tissues.  About  0-200  g.  of  muscle  (for  example)  is 
accurately  weighed  out  on  a  watch-glass  and  transferred  to  a 
small  mortar.  For  convenience  of  calculation  the  tissue  weighed 
may  lie  in  the  range  0-190-0-210  g.  A  small  quantity  of  pure 
quartz  sand  (Merck)  is  added  to  the  mortar  and  from  a  graduated 
2  ml.  pipette  or  micro-burette  a  volume  of  distilled  water  which  is 
calculated  as  follows.  The  weight  of  the  tissue  is  multiplied  by  20 
and  2-36  subtracted.  This  with  0-2  g.  tissue,  for  example,  will 
mean  the  addition  of  1-64  ml.  (this  volume  is  so  chosen  that  the 
2  ml.  taken  from  the  subsequent  fluid  cleared  by  centrifuging 
contain  the  chloride  in  100  mg.  tissue).  The  mixture  is  thoroughly 
ground  to  a  fine  paste,  which  should  require  no  longer  than  2  min. 
2-0  ml.  of  0-0667A  sulphuric  acid  are  added  and  0-2  ml.  of  10% 
tungstate,  the  mixture  being  further  ground  for  half  a  minute. 
It  is  then  transferred  to  a  small  centrifuge  tube  and  centri¬ 
fuged  along  with  a  similar  mixture  from  a  blank  determination 
which  will  contain  no  tissue  but  1-80  ml.  distilled  water  and  the  re¬ 
maining  reagents  as  before.  If  it  is  found  difficult  on  centrifuging 
to  obtain  a  perfectly  clear  fluid,  it  is  better  to  filter. 

2-0  ml.  of  the  clear  fluid  are  transferred  to  the  outer  chamber  of 
a  ‘  unit  ’  containing  about  0-2  g.  of  powdered  permanganate  and 
1  ml.  of  20%  potassium  iodide  in  the  central  compartment.  The 
determination  is  then  made  in  the  usual  manner,  0-5  ml  of  a 
60%  (by  volume)  sulphuric  acid  solution  being  used.  The  ‘  unit*  ’ 
are  left  aside  for  2  hours  at  room  temperature  and  subsequently 
titrated  or  estimated  colorimetrically  by  the  method  described  for 
chloride  in  the  range  35-7 fig  chlorine. 

Calculation.  Using  the  above  method  where  0-2  g.  tissue  is 
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used,  the  total  fluid  volume  is  4-0  ml.  and  the  chloride  correspond¬ 
ing  to  100  mg.  of  tissue  is  contained  in  the  2-0  ml.  of  the  clear  fluid 
after  centrifuging.  When  0-21  and  0-19  g.  of  tissue  are  used  in 
accordance  with  the  above  scheme  it  may  be  readily  calculated 
that  the  2  ml.  of  the  clear  fluid  contain  the  chloride  corresponding 
to  99-8  and  100-2  mg.  of  tissue  respectively,  which  for  the  pur¬ 
poses  of  the  determination  are  equivalent  to  100  mg. 

The  chloride  equivalent  of  the  thiosulphate  used  in  the  titration 
expressed  as  mg.  chlorine  gives  the  g.  chlorine  per  100  g.  tissue. 

Where  the  direct  colorimetric  method  is  used,  which  will  be 
found  very  convenient,  the  plunger  in  the  iodide  is  set  at  9-2  mm. 
and  the  millimetres  of  grey  solution,  using  Leitz  filter  No.  3, 
multiplied  by  4  gives  the  mg.  chlorine  per  100  g.  in  the  tissue. 

Accuracy  of  the  method.  The  method  gives  a  99%  recovery  of 
added  chloride,  and  the  variable  error  is  similar  to  that  already 
described. 

Mammalian  or  amphibian  tissues  ( Conway  and  Hingerty,  1943). 

Taking  muscle  as  an  example,  one  part  by  weight  is  added  to 
20  times  this  figure  in  volumes  of  sodium  sulphate  solution  (1-3% 
anhydrous  for  amphibian  tissue,  and  2-0%  for  mammalian). 

The  thickness  of  the  muscle  section  or  sections  should  not  exceed 
about  a  few  mm.  The  muscle  is  stirred  in  the  suspending  fluid  by 
shaking  or  bubbling  with  air  for  one  hour,  or  is  left  overnight  in 
small  conical  flasks  in  which  the  level  of  liquid  is  not  greater  than 
about  0-5  cm. 

With  amphibian  muscle  1  c.c.  of  this  extract  is  taken  directly 
into  the  outer  chamber  of  ‘  unit  ’  No.  2  and  the  chloride  determined 
by  the  method  already  described  for  levels  35  to  7  yg.  Cl. 

With  mammalian  muscle,  the  fluid  is  deproteinized  by  adding  to 
10  vols.  one  vol.  of  10%  sodium  tungstate  and  1  vol.  of  2/3  N 
sulphuric  acid  and  filtering  or  centrifuging. 

Calculation.  The  Cl  obtained  is  multiplied  by  20-3  for  amphibian 
muscle,  and  by  24-4  for  mammalian  muscle,  to  give  the  Cl  per  gram 
of  tissue. 

Alternative  procedure  using  the  standard  ‘  unit  ’. 

A  similar  procedure  is  adopted  in  preparing  the  extract.  The 
central  chamber  of  the  ‘  unit  ’  contains  1  ml.  of  20%  KI,  and 
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before  closing  the  ‘  unit  ’  1  ml.  of  saturated  permanganate  is 
added  to  the  10  ml.  extract.  After  placing  the  lid  in  position 
0-5  ml.  of  75%  sulphuric  acid  (by  volume)  is  introduced,  etc. 
0-5  ml.  of  the  20%  KI  from  the  central  chamber  at  the  end  is 
added  to  5  ml.  of  0-2%  starch,  and  the  extinction  determined 
after  mixing,  using  a  filter  in  or  towards  the  red  end  of  the 
spectrum. 

The  procedure  is  standardised  by  suitable  conti ols. 

(e)  Factors  influencing  the  formation  and  absorption  of  chlorine 
in  the  above  determinations.  If  the  conditions  are  varied 
from  the  above  descriptions  it  is  essential  to  know  how  changes  in 
these  conditions  will  affect  the  rate  of  formation  and  absorption 
of  the  chlorine.  The  factors  determining  these  rates  will  therefore 
be  very  briefly  discussed. 

(1)  The  time-absorption  curve  at  constant  temperature.  The  pro¬ 
cess  of  oxidation  by  the  acid  permanganate  takes  appreciable 
time,  so  that  the  curve  of  absorption  depends  on  two  factors, 
namely  the  rate  at  which  the  chlorine  is  formed  and  the  rate  at 
which  it  is  absorbed  at  unit  concentration.  The  curve  is  nearly 
linear  up  to  about  60%  of  complete  absolution  as  shown  in 
Fig.  46.  It  may  be  noted  that  the  absorption  of  the  last  few  % 
is  very  slow  compared  with  the  initial  rate  and  is  not  explicable 
by  the  decreased  concentration  in  the  outer  chamber.  It  is  pro¬ 
bably  due  to  the  slow  release  of  a  little  dissolved  chlorine  from  the 
fixative.  Keeping  to  the  conditions  of  the  method  described 
above,  the  absorption  of  the  formed  chlorine  with  its  consequent 
iodine  formation  corresponds  after  90  minutes  at  room  tempera¬ 
ture  to  97-0-97-5%  of  the  chloride  added  to  the  outer  chamber. 

Within  the  next  hour  the  absorption  increases  slowly  until  all 
the  chloride  is  absorbed  as  chlorine,  but  at  the  same  time  there 
has  been  a  slight  diffusion  of  iodine  from  the  central  chamber. 
This  iodine  diffusion  is  a  constant  amount  of  1-2%  per  hour  of  the 
iodine  in  the  central  chamber.  The  net  result  is  that  from  to 
2o  liouis  after  the  addition  of  the  acid  to  the  outer  chamber  the 
iodine  present  in  the  central  chamber  corresponds  to  97-0-97-5% 
of  the  theoretical  equivalent  of  the  chloride  in  the  analytical 
sample.  A  factor  of  1-03  is  therefore  required  in  an  absolute 
calculation  of  the  chloride  from  the  thiosulphate. 
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chamZ'16  /  I''6  lerman9anate  concentration  in  the  outer 
uer.  This  effect  is  shown  in  Pig.  46.  The  rate  of  formation 

and  absorption  of  chlorine  from  chloride  is  in  practically  linear 
relationship  to  the  permanganate  concentration  in  the  outj 
chamber — at  least  from  a.bnnf.  90/  a™. - m. 


Fig.  46.  Curves  D,  E,  F  and  G  represent  the  chlorine  absorptions 
from  the  outer  chamber  containing  0-1  ml.  of  OLV  HC1,  1  ml.  of  25% 
(by  volume)  sulphuric  acid  and  1  ml.  of  5,  2,  1  and  0-5%  KMn04  respec¬ 
tively.  Curve  C  is  similar,  solid  permanganate  being  used  and  2  ml. 
of  12-5%  (by  volume)  sulphuric  acid.  Curve  B  represents  the  absorption 
of  chlorine  from  2-1  ml.  of  chlorine  water  in  outer  chamber.  Curve  A 
represents  the  fall  in  percentage  value  of  free  iodine  in  the  outer  chamber 
introduced  before  a  blank  determination  (allowance  being  made  for 
blank  value).  Experiments  conducted  at  room  temperature  of  about 
18°  (from  the  Biochemical  Journal). 


chamber  in  these  experiments  contained  0-1  ml.  of  0-liV  HC1, 
1  ml.  of  permanganate  solution  (5,  2,  1  or  0-5%)  and  1  ml.  of 
sulphuric  acid,  25%  by  volume  (see  curves  D,  E,  F,  G  in  Fig.  37). 
With  one  of  the  curves  ( C )  solid  permanganate  was  used,  the 
volume  being  made  up  to  2-1  ml.  by  using  2  ml.  of  12-5%  (by 
volume)  sulphuric  acid.  The  figure  shows  also  the  percentage 
absorption  rate  of  chlorine  (curve  B)  from  2T  ml.  of  acidified 
chlorine  water. 

Where  excess  solid  permanganate  is  used  (about  0-2  g.  added  to 
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the  outer  chamber)  the  rate  of  chlorine  formation  is  but  little 
greater  than  where  the  concentration  of  the  permanganate  in  the 
outer  chamber  is  2-4%.  Water  saturated  with  potassium  per¬ 
manganate  at  18°  contains  about  6%,  but  even  with  the  small 
quantity  of  fluid  in  the  outer  chamber  appreciable  time  may  be 
taken  for  full  saturation. 

(3)  The  effect  of  varying  the  acid  concentration  in  the  outer  chamber . 
Fig.  47  illustrates  the  effect  of  changing  the  acid  concentration. 


Fio.  47.  Curves  C,  D,  E  and  F  represent  the  absorption  rates  of 
chlorine  from  the  outer  chamber  containing  0-1  ml.  of  OliV  HC1,  1  ml. 

°f  5%  potassium  permanganate  and  1  ml.  of  sulphuric  acid  of  strengths 
60,  25,  12-5  and  6-2%  (by  volume)  respectively.  Curves  A  and  B  are 
the  same  as  in  Fig.  46  (from  the  Biochemical  Journal). 

The  effect  on  the  rate  of  formation  of  chlorine  is  here  much 
greater  than  that  caused  by  changes  in  the  KMn04.  The  figure 
shows  that  when  the  acid  concentration  reaches  29%  by  volume 
of  sulphuric  acid  (see  curve  C)  the  absorption  of  the  chlorine  in  the 
central  chamber  is  very  similar  to  that  from  chlorine  water  (curve 

f  )•  At  the  same  time  a  fa]1  occurs  in  the  total  quantity  absorbed. 
Below  about  15%  sulphuric  acid  this  effect  becomes  negligible— 
the  theoretical  equivalent  of  iodine  to  added  chloride  being 
present  in  the  inner  chamber  after  two  hours  (see  curve  D), 
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allow  ing  for  the  small  quantity  of  iodine  diffused  during  this 
period  from  the  20%  potassium  iodide. 

For  such  chloride  determinations  as  here  described,  many  other 
redox  ’  systems  with  high  characteristic  potentials  were  also 
tried,  but  the  acid  permanganate  was  found  the  most  suitable. 

(4)  The  effect  of  the  fluid  volume  in  the  outer  chamber.  It  was 
shown  for  ammonia  analyses  as  described  in  Chapter  III  that  the 
percentage  absorption  rate  of  a  given  quantity  of  ammonia,  other 
things  being  equal,  is  inversely  proportional  to  the  volume  of  the 
fluid  in  which  it  is  contained.  After  the  addition  of  alkali  to  the 
outer  chamber  all  the  ammonia  is  immediately  liberated  as  gas,  its 
tension  being  in  inverse  ratio  to  the  fluid  volume.  With  the 
chloride  determinations,  however,  the  absorption  rate  is  much 
faster  than  the  rate  of  formation  with  the  acid  permanganate  con¬ 
centrations  used,  and  the  amount  of  chlorine  formed  from  a  given 
quantity  of  chloride,  under  similar  conditions,  is  independent  of 
the  volume  in  which  it  is  contained.  Consequently  the  absorption 
rate  of  chlorine  is  practically  independent  of  the  fluid  volume  in 
the  outer  chamber.  However,  it  is  found  that  when  the  volume 
exceeds  about  3  ml.  the  last  traces  of  the  chlorine  are  more  slowly 
delivered  so  that  it  is  advisable  to  keep  the  volume  below  this 
figure. 

(5)  The  effect  of  temperature.  The  determinations  previously  de¬ 
scribed  were  conducted  at  an  average  room  temperature  of  about 
18°.  Judging  from  a  few  experiments  where  the  temperature  was 
increased  to  36°,  it  would  appear  that  there  is  an  increase  in  the 
velocity  of  the  whole  process  of  3  or  4%  per  degree  rise  in  tem¬ 
perature. 

The  time  for  a  determination  could  therefore  be  halved  by  con¬ 
ducting  the  process  at  38°  instead  of  at  18°.  The  fixative  described 
above,  however,  cannot  be  employed  for  this  purpose  as  it  be¬ 
comes  too  fluid  at  such  raised  temperatures. 

On  account  of  the  small  temperature  effect  the  time  for  a  deter¬ 
mination  as  given  above  need  not  be  altered  if  the  temperature  of 
the  room  falls  to  14  or  15°. 

(6)  Effect  of  changes  in  the  dimensions  of  the  absorbing  apparatus. 
The  above  times  and  quantities  are  for  the  standard  ‘  unit  No.  1. 
With  ‘  unit  ’  No.  2  practically  the  same  times  hold,  since  the 
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vapour  pressure  of  chlorine  in  solution  is  relatively  high,  and 
the  diffusion  rates  will  be  largely  independent  of  the  surfaces, 
but  will  be  much  influenced  by  the  depth  of  the  layer  in  the 
outer  chamber.  Also  in  the  present  determination  the  rate  of  the 
reaction  is  much  slower  than  the  diffusion  rate  of  chlorine  gas,  so 
that  it  largely  determines  the  time  of  the  analysis. 


CHAPTER  XXIV 


BROMIDE 

Principle  and  Introduction.  The  principle  and  general  technique 
of  the  chloride  determinations  may  also  be  applied  to  that  of  other 
halogens.  Both  free  bromine  and  iodine  are  sufficiently  volatile  to 
require  about  the  same  absorption  times  as  chlorine.  Following 
the  micro-bromide  technique  described  in  the  present  chapter 
bromide  can  be  determined  to  an  ultimate  standard  deviation  of 
0-08 [x(j  Br,  which  in  milli-equiv.  is  about  one-third  that  found  with 
chloride.  The  standard  deviation  of  the  blank  value  may  be  ex¬ 
pressed  as  0-037 /xg  Br,  which  is  only  about  one-seventh  of  the 
equivalent  value  found  with  chloride.  The  difference  probably 
arises  from  minute  traces  of  chloride  likely  to  be  present  in  water 
and  on  glassware.  These  ultimate  errors  for  chloride  and  bromide 
determinations  appear  to  be  the  lowest  yet  recorded.  The  early 
papers  on  micro-determination  of  bromide  have  been  reviewed  by 
Bernhardt  and  Ucko  ( 1 925).  Accounts  of  later  developments  may 
be  found  in  the  papers  of  Quastel  and  Yates  (1934),  Dixon  (1935), 
Bertram  (1933),  Stoll  and  Brenken  (1934),  Indovina  (1935),  Leipert 
(1935),  and  Ucko  (1936).  Here  reference  will  be  made  only  to  such 
previous  work  having  immediate  bearing  on  the  present  method 
and  the  results  obtained  for  normal  blood  and  urine. 

Such  micro-bromide  determinations  consist  essentially  of  three 
stages.  Firstly,  the  ashing  of  the  material.  Secondly,  the  oxida¬ 
tion  of  the  bromide  to  bromine  by  a  suitable  oxidant.  (These  tw o 
stages  may  be  combined  in  wet  ashing  methods,  such  as  that  of 
Leipert  and  Watzlawek,  1934.)  Thirdly,  the  determination  of  the 
liberated  bromine  after  extraction,  aeiation,  etc. 

In  the  present  method  these  three  stages  are  also  followed  for 
blood  and  urine,  ashing  being  obviously  unnecessary  for  purely 
inorganic  mixtures  or  such  as  contain  only  traces  of  organic  matter 
(e.g.  sea  water).  The  stages,  however,  are  here  carried  out  in  a 
special  way  and  permit  the  least  absolute  error  of  bromide  with 
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the  least  manipulation.  Also,  it  is  possible  with  this  method  to 
carry  out  large  numbers  of  determinations  at  the  same  time. 

Into  the  outer  chambers  of  the  ‘  units  ’  is  introduced  a  dichro¬ 
mate  oxidation  mixture  and  in  the  centre  1  ml.  of  20%  K.I  in 
which  the  formed  bromine  is  absorbed,  liberating  its  equivalent 
of  free  iodine. 

The  ashing  procedure.  The  ashing  of  the  blood  is  carried 
out  after  preliminary  removal  of  the  proteins  with  methanol  and 
subsequent  evaporation  of  the  cleared  fluid.  This  reduces  the 
incineration  time  to  a  few  minutes  and  was  introduced  here  for  the 
reason  that  it  is  now  practically  certain  that  all  the  bromide  in 
normal  blood  is  present  in  inorganic  form.  If  a  complete  ashing 
procedure  is  desired,  the  technique  of  Indovina  (1935)  seems  very 
suitable.  In  this  method  magnesium  oxide  is  employed  to  prevent 
bromide  losses  on  heating. 

The  oxidation  procedure.  The  oxidant  found  most  suitable  for 
bromide  determinations  is  dichromate  and  sulphuric  acid.  The 
dichromate  is  used  in  powdered  form  and  the  sulphuric  acid  as 
1  ml.  of  a  solution  containing  40  vol.  %  of  sulphuric  acid  to  1  ml. 
of  the  ash  extract.  (Upwards  of  48  vol.  %  may  be  used  after 
bromide  administration.)  Acid  dichromate  of  this  strength  has  a 
scarcely  detectable  influence  on  1  ml.  of  1%  NaCl  even  after  20 

hours  action,  whereas  all  the  bromide  is  oxidised  and  absorbed  in 
2-2\  hours. 

The  use  of  a  suitable  acid  permanganate  mixture  would  have 
the  advantage  of  rendering  the  method  independent  of  the  pre¬ 
sence  of  both  chloride  and  iodide.  It  was  found,  however,  to 
have  the  disadvantage  of  causing  marked  losses  as  bromate,  when 
the  concentration  of  bromide  for  determination  is  very  small. 

The  determination  of  the  bromine  formed  on  oxidation.  In 
the  present  method  the  bromine  diffuses  into  the  central  chamber 
o  te  unit  ,  liberating  its  iodine  equivalent  from  20''  KI  The 

range6,  “  ^  deter“ined  as  for  over  the  corresponding 

In  the  method  used  by  Leipert  and  Watzlawek  (1934)  for  the 
determination  of  the  bromide  content  of  normal  blood  the  formed 
romine  is  oxidised  to  bromate  after  absorption  into  alkali  the 
bromate  being  then  determined  iodimetricaUy.  An  advantage  of 
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this  procedure  is  that  six  times  the  equivalent  of  the  original 
bromine  is  finally  present  as  iodine.  This  variation  could  also  be 
used  with  the  unit  with  possible  advantage  for  the  minutest 
bromide  determinations. 

1  he  delicacy  of  the  method  selected,  however,  is  so  great  that  it 
is  doubtful  if  a  substantial  increase  in  accuracy  would  result,  and 
further  operations  with  numerous  reagents  would  be  required. 
Also  errors  in  the  bromine  formation  and  absorption  are  likewise 
multiplied  by  six. 

Concerning  specific  colorimetric  reactions  for  bromine,  men¬ 
tion  may  be  made  of  the  use  of  the  reagent  of  Guareschi  (1913). 
This  was  used,  for  example,  by  Oppenheimer  (1921),  by  Bernhardt 
and  Ucko  (1925)  and  recently  by  Indovina  (1935).  The  reagent 
is  basic  fuchsin  decolorised  by  sulphurous  acid  and  is  in  fact  the 
Schiff  aldehyde  reagent  used  by  Guareschi  for  bromine  detection. 
(Indovina  decolorises  with  sulphuric  acid.)  It  gives  a  violet  colour 
with  free  bromine. 

From  Bernhardt  and  Ucko’s  account  the  reagent  would  appear 
to  be  far  from  satisfactory,  and  it  may  be  noted  that  Ucko  (1936, 
1934)  has  abandoned  it  in  favour  of  the  fluorescein  reagents 
(Swarts,  1889,  as  cited  by  Bernhardt  and  Ucko,  1925  ;  Baubigny, 
1897),  which  with  free  bromine  form  eosin,  or  tetrabromo- 
fluorescein.  Using  this  latter  reagent  for  the  determination  of 
bromide  in  normal  blood  and  tissues,  Ucko  (1936)  has  obtained 
markedly  different  values  from  his  previous  results  (1925). 

It  is  likely  that  the  fluorescein  reagent  could  be  also  used  with 
the  ‘  unit  ’,  but  does  not  seem  to  offer  any  advantage  over  the 
present  method. 

Procedure. 

Inorganic. 

(a)  Above  80 /xg  Br.  Into  the  outer  chamber  of  a  ‘  unit  ’  is 
placed  a  small  quantity  of  pure  powdered  potassium  dichromate 

_ roughly  about  0-2  g. — by  means  of  a  spoon  spatula,  and  into  the 

central  chamber  1  ml.  of  20%  KI.  Into  the  outer  chamber  is  now 
introduced  1  ml.  of  the  bromide  solution  and  the  lid  smeared  with 
the  fixative  (see  below)  and  placed  in  position.  The  ‘  unit  ’  is 
slightly  tilted  by  resting  it  on  the  edge  of  a  spare  lid,  the  lid  is 
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slightly  displaced  and  1  ml.  of  a  solution  containing  40%  (by  vol.) 
sulphuric  acid  is  run  in  quickly  without  blowing— best  from  a 
simple  tube  with  a  mark  at  1  ml.  approximately.  A  solution  con¬ 
taining  45%  acid  (by  vol.)  may  be  used  when  the  Br/Cl  ratio  ex¬ 
ceeds  1  /500.  After  the  introduction  of  the  acid  the  lid  is  quickly 
replaced.  The  fluids  in  the  outer  chamber  are  well  mixed  by 
rotation.  After  2  hours  the  free  iodine  in  the  central  chamber  is 
titrated  with  0  05 N  thiosulphate  from  the  special  burette,  the 
number  of  divisions  on  the  burette  being  multiplied  by  the  bro¬ 
mine  equivalent  or  factor  which  may  be  determined  as  for  chloride 
by  making  some  initial  determinations  with  standards  or  titrating 
standard  iodine  in  20%  iodide  in  the  central  chamber.  In  this 
latter  case  the  thiosulphate  required  is  multiplied  by  0-97  to  allow 
for  the  slight  constant  loss  of  iodine  from  the  central  chamber 
during  a  determination. 

(6)  Below  80g,g  Br.  The  procedure  is  carried  out  in  a  similar 
way  to  the  previous  method.  0-1  ml.  20%  KI  is  used  in  the 
central  chamber  of  ‘  unit  ’  No.  2.  A  little  powdered  dichromate  is 
introduced  into  the  outer  chamber,  and  1  ml.  of  the  bromide  solu¬ 
tion.  On  placing  the  lid  in  position  0-5  ml.  of  60%  sulphuric  acid 
is  run  into  the  outer  chamber.  After  about  2  hours  the  content  of 
the  central  chamber  is  titrated  carefully  with  IV/200  or  AT/400 
thiosulphate  from  the  Conway  burette.  Stronger  solutions  can  be 
used  with  finer  bored  graduated  tubes. 

(c)  Below  16[xg  Br.  The  same  procedure  is  adopted  as  in  pre¬ 
vious  method,  but  at  the  end  the  procedure  follows  that  described 
for  Cl  below  7 g.g  Cl.  The  determination  is  controlled  by  a  curve 
made  out  for  standard  solutions  under  similar  conditions.  Like 
the  Cl  curve  the  relation  between  extinction  and  quantity  is  a 
straight  line,  but  one  which  does  not  pass  quite  through  the  origin. 


Ashing  and  extraction  procedure  for  blood  and  urine. 

Normal  blood  (7  ml.)  Into  a  15  ml.  centrifuge-tube  is  pipetted 
1  ml.  of  blood,  12  ml.  of  95%  methanol  are  added  and  the  whole 
18  well  mixed.  The  tube  is  then  capped  and  centrifuged  for 
5  minutes.  10  ml.  of  the  clear  fluid  are  pipetted  into  a  small 
crucible  (20-30  ml.  capacity)  and  0-2  ml.  of  a  standard  KBr  solu¬ 
tion  containing  2W  Br  is  added.  The  fluid  is  dried  in  the  oven  at 
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90-100°  and  then  the  crucible  is  heated  in  the  Bunsen  flame  until 
the  bottom  and  sides  have  been  brought  for  about  1  minute  to  a 
dull  red  heat.  It  is  then  cooled  and  0-5  ml.  of  distilled  water  is 
pipetted  into  the  crucible,  mixed  and  rotated  around  the  walls. 
The  solution  is  then  pipetted  into  the  outer  chamber  of  a  ‘  unit  ’. 
Another  0-5  ml.  water  is  added  and  the  process  repeated.  The 
presence  of  some  carbon  particles  does  not  interfere.  The  deter¬ 
mination  then  follows  the  inorganic  procedure  (above  outlined)  for 
quantities  under  16yLc.gr  Br.  The  2^g  Br  are  added  to  bring  the 
amount  analysed  on  to  the  linear  curve.  A  blank  determination  is 
carried  out  in  an  exactly  similar  manner,  including  the  small 
bromide  addition. 

Blood  after  bromide  administration  ( 0.2  ml.).  A  similar 
procedure  is  adopted.  5  ml.  of  95%  methanol  are  used  and  3  ml. 
of  the  clear  fluid  pipetted  off  for  drying.  No  bromide  need  be 
added.  The  mode  of  determining  the  free  iodine  in  the  central 
chamber  will  depend  on  the  order  of  magnitude  of  Br  expected. 
It  may  be  stated  that  the  ingestion  of  2  g.  KBr  by  the  human 
subject  will  produce  about  16-32 fig  Br  in  0-2  ml.  of  whole 
blood. 

Urine.  The  same  procedure  for  ashing  and  extraction  may  be 
adopted  for  normal  urine  as  for  urine  after  bromide  administra¬ 
tion.  Since  the  bromide  in  urine  very  closely  follows  the  chloride 
it  is  always  advisable  to  carry  out  a  preliminary  chloride  deter¬ 
mination.  The  bromide  concentration  has  in  fact  little  signifi¬ 
cance  apart  from  this  chloride  figure.  Where  the  urine  contains 
the  average  quantity  or  more  of  chloride,  2  ml.  are  used  for  ashing 
with  correspondinglv  larger  volumes  with  reduced  chloride  con¬ 
centrations.  2  ml.  urine  are  pipetted  into  a  crucible  and  dried  in 
the  oven.  The  crucible  with  dried  contents  is  now  held  over  the 
Bunsen  flame  and  cautiously  incinerated.  The  contents  char  at 
first,  then  fumes  are  emitted,  the  residue  finally  melting  as  a  rule 
when  the  bottom  of  the  crucible  turns  red.  At  this  stage  the 
crucible  is  withdrawn  from  the  flame  and  cooled.  The  whole  pro¬ 
cedure  does  not  require  more  than  a  few  minutes,  and  the  bottom 
of  the  crucible  is  brought  only  for  about  1  minute  to  a  dull  red 
heat.  After  cooling,  2  ml.  of  distilled  water  are  added  and  mixed 
with  the  contents.  After  a  short  time  1  ml.  is  pipetted  into  the 
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outer  chamber  of  a  ‘  unit  the  standard  method  being  then  fol¬ 
lowed.  If  it  is  found  difficult  to  obtain  1  ml.  free  from  many 
charred  particles,  2  ml.  of  extract  are  centrifuged  in  a  small  tube, 
which  procedure  may  be  followed  as  a  routine.  After  bromide 
administration  the  method  above  80 pq  Br  can  be  used  and  the 
free  iodine  present  in  the  central  chamber  titrated  with  the  iV/20 
thiosulphate  from  the  horizontal  burette. 

Notes  on  method  and  solutions  required.  No  special  care 
need  be  taken  to  free  the  analytical  reagents  used  from  bromide, 
since  it  is  found  that  they  contain  none.  But  it  is  advisable  to 
clean  the  ‘  units  ’,  after  the  usual  cleaning,  with  a  little  alcohol 
and  ether,  subsequently  rinsing  them  with  distilled  water.  For  the 
smallest  bromide  quantities  the  ‘  units  ’  should  not  be  exposed  to 
direct  sunlight  during  the  absorption,  and  may  be  covered  with  a 
light  cloth  ;  under  these  conditions  the  blank  values  will  show  no 
alteration  even  after  24  hours  or  more. 

40%  sulphuric  acid.  This  is  made  up  as  a  volume  concentra¬ 
tion,  40  ml.  of  the  purest  sulphuric  acid  (sp.  gr.  1*84)  being  made 
up  to  100  ml.  with  water.  A  certain  latitude  (of  a  few  %  at  most) 
is  permissible  in  the  actual  concentration,  but  the  purest  sul¬ 
phuric  acid  must  be  used.  Forty-five  vol.  %  is  advisable  when 
the  Br/Cl  ratio  exceeds  1/500. 

20%  potassium  iodide.  The  purest  reagent  should  be  employed, 
and  for  the  minutest  bromide  determinations  it  should  be  freshly 
prepared.  When  over  80 pg  Br  are  being  determined,  a  slight 
coloration  is  of  no  consequence  as  it  will  be  allowed  for  in  the  blank. 

0-2%  starch.  This  is  best  prepared  as  described  for  chloride 
determinations  in  the  previous  chapter. 

The  fixative.  This  is  also  the  same  as  for  chloride. 

0-02N  iodine.  This  is  made  up  as  a  stock  solution  from  N  or 
O'  IN  iodine  and  stored  in  a  brown  bottle  in  the  dark. 

Standard  bromide.  1-489  g.  of  pure  powdered  and  dry  KBr  are 
dissolved  in  1  litre  of  water.  Then  each  ml.  contains  1000 pg  Br. 

Dichromate.  The  purest  potassium  dichromate  to  be  used  ;  for 
the  lowest  levels,  a  little  chromate  may  be  mixed  (to  about  1%). 

Accuracy  of  the  method.  The  accuracy  for  the  higher  quan¬ 
tities  resembles  that  already  found  for  chloride,  0-6%  as  a  coeffi¬ 
cient  of  variation  being  found  in  a  large  series  of  determinations  of 
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8U°M  ,Br-  For  the  lowest  quantities  the  bromide  method  is 
somewhat  more  accurate  than  the  chloride  owing  to  the  smaller 
blank  values— which  arise  only  from  the  light  absorption  by  the 

added  starch  with  occasional  traces  of  free  iodine  in  the  20°/ 
iodide.  /0 

The  effect  of  chloride  and  iodide  on  the  bromide  determina¬ 
tions.  For  biological  determinations  it  is  essential  that  chloride 
should  have  no  appreciable  influence  since  it  will  almost  always 
be  present  in  largely  preponderating  concentrations.  With  the 
above  determinations  in  the  2  hours  of  bromide  absorption  the 
chloride  oxidation  is  scarcely  measurable  when  the  chloride  con¬ 
centration  in  the  outer  chamber  is  of  the  order  of  0-5-1  -0%  NaCl 
(i.e.  1-2%  in  the  fluid  examined).  Even  after  24  hours’  action 
the  amount  represents  less  than  2 fxg  Br. 

Iodide,  on  the  other  hand,  interferes  and  will  increase  the  free 
iodine  in  the  central  chamber.  It  is,  however,  readily  removable. 
If  to  1  ml.  of  the  fluid  in  the  outer  chamber  0-2  g.  dichromate  be 
added  and  0-1  ml.  of  N  sulphuric  acid,  then  by  mere  exposure 
of  the  ‘  unit  ’  on  the  bench — the  central  chamber  being  empty — 
all  the  iodide  will  have  disappeared  in  one  and  a  half  hours, 
the  free  iodine  diffusing  into  the  atmosphere.  If  the  iodide 
present  much  exceeds  100/xy  iodine,  this  exposure  time  should 
be  extended. 

Note  on  the  bromide  content  of  normal  blood  and  urine.  Using 
the  above  method,  values  for  normal  blood  bromide  varied  between 
227  and  572/xg  Br/100  ml.,  the  mean  value  being  372p,g/100  ml. 
The  corresponding  urine  samples  gave  a  mean  value  of  656/q/ 
Br/100  ml.  with  a  range  of  297-855.  The  chloride  of  the 
urine  samples  was  determined  as  well  as  the  bromide,  and  the 
ratio  of  chloride  to  bromide  (expressed  as  milli-equivs.)  found  to 
be  2150.  The  chloride  in  the  blood  samples  was  not  determined, 
but  if  we  assume  that  the  mean  ratio  of  bromide  in  the  whole 
blood  to  bromide  in  the  plasma  is  1  :  M2— a  figure  derived  from 
Leipert’s  data  (1935) — and  that  the  concentration  of  chloride  in 
plasma  is  rather  constant  and  10-35  milli-equiv./lOO  ml.,  then  we 
may  derive  the  mean  value  of  Cl/Br  for  the  plasma  as  1990  (this 
corrects  the  original  figure  of  2180).  Comparing  this  value  with 
the  corresponding  ratio  of  2150  for  urine,  it  appears  that,  com- 
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pared  with  chloride,  the  bromide  in  urine  shows  a  very  similar 

ratio  with  that  in  blood. 

Pincussen  and  Roman  (1929),  supported  by  Zondek  and  Bier 
(1931),  advanced  the  theory  that  normal  blood  bromide  consisted 
largely  of  bromide  combined  in  organic  linkage  and  functioning 
like  thyroxine  as  an  important  catalyst  in  the  organism.  The 
pituitary  was  thought  to  be  the  site  of  the  formation  of  this  sub¬ 
stance.  Its  passage  from  the  pituitary  into  the  mid-brain  was  be¬ 
lieved  to  be  associated  with  the  advent  of  normal  sleep  and  the 
content  of  bromide  in  the  blood  to  be  much  reduced  in  maniacal 
depressive  states.  The  views  of  Pincussen  and  Zondek  were  based, 
howrever,  on  faulty  methods  as  shown  by  Fleischacker  and 
Scheiderer  (1932). 

Ucko  (1934),  who  with  Bernhardt  (Bernhardt  and  Ucko,  1925, 
1926)  had  obtained  very  high  bromine  values  for  the  pituitary,  has 
later  stated  that  using  a  revised  method  he  could  not  find  more 
bromide  in  the  pituitary  than  in  other  glands,  and  that  no  valid 
evidence  exists  for  assuming  the  presence  of  an  organic  bromide 
catalyst  or  for  the  assumption  that  a  gland  is  associated  with  its 
production.  From  the  wrork  of  Quastel  and  Yates  (1934),  Dixon 
(1935)  and  in  particular  the  recent  detailed  studies  of  Leipert 
(1935),  and  of  Leipert  and  Watzlawrek  (1934),  there  are  no  valid 
grounds  for  supposing  that  the  normal  blood  bromide  is  other  than 
the  inorganic  substance.  Leipert  has  shown  that  protein  precipi¬ 
tation,  dialysis  or  ultrafiltration  gives  no  indication  of  a  bromo- 
protein  compound.  Moreover,  the  bromine  of  blood  is  completely 
precipitated  by  silver  nitrate,  whereas  organic  bromide  compounds 
of  the  type  of  dibromotyrosine  are  not  precipitated  by  this 
reagent. 

Dibromotyrosine  is  one  of  the  two  organic  bromine  compounds 
known  to  occur  in  nature,  being  found  in  corals,  etc.  (Morner, 
1913).  The  other  is  6-6  dibromo-indigo,  found  to  be  linked  with 
protein  in  purpuridae  (Friedlander,  1907,  1932),  and  which  appears 
to  be  identical  with  the  ancient  Tyrian  purple. 

Concerning  the  origin  of  the  normal  blood  bromide,  the  greater 
part  of  this  must  come  from  the  bromide  associated  with  the 
natural  chloride  of  the  food,  although  this  does  not  often  exceed 
20%  of  the  total  ingested.  The  Br/Cl  ratio  in  commercial  chloride 
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1ms  been  found  here  not  to  exceed  1  :  7000  for  four  samples, 
whereas  the  Br/C’l  ratio  of  sea  water  and  of  ordinary  drinking 
water  (e.g.  Dublin  Vartry  water)  is  of  the  order  1  :  700  to  1000. 
I  resumably  the  natural  foodstuffs  possess  a  similar  ratio  to  the 
latter  with  regional  variations.  The  commercial  chloride  taken 
would  therefore  dilute  the  ‘  natural  ’  ratio— the  general  limiting 
value  of  which  may  be  presumed  to  be  that  of  the  sea. 

The  failure  of  the  evidence  hitherto  presented  for  an  organic 
bromide  compound  in  the  blood  by  no  means  removes  biological 
interest  from  micro -determination  of  bromide.  Among  other  con¬ 
siderations  the  study  of  the  Br/Cl  ratio  may  throw  considerable 
light  on  the  chloride  metabolism  as  well  as  on  the  functioning  of 
such  organs  as  the  kidney,  I  rom  the  clinical  side  also  an  easy  and 
accurate  method  for  carrying  out  micro-bromide  determinations 
on  very  small  quantities  (finger  blood  after  a  single  therapeutic 
dose)  is  of  considerable  interest. 

The  effect  of  varying  the  conditions  in  the  above  bromide  method. 

Varying  the  acid  concentration.  The  effect  is  illustrated  in 
Fig.  48,  the  rate  of  absorption  from  bromine  water  being  also  given 
for  comparison  (dotted  line).  It  will  be  seen  that  changing  the 
acid  concentration  has  a  marked  effect  of  a  kind  similar  to  that 
shown  for  chloride.  20  minutes  after  adding  the  40%  sulphuric 
acid  (as  described  above)  50%  of  the  bromide  has  been  oxidised 
and  absorbed.  When  20%  acid  is  added  only  4-5%  of  the  bromide 
is  recovered  in  the  same  time.  In  a  similar  way  to  the  action  of 
the  permanganate  system  on  chloride,  a  marked  deficiency 
appears  in  the  total  amount  recovered  when  the  concentration  of 
acid  exceeds  a  certain  limit  (see  curve  C,  Fig.  48).  This  deficiency, 
however,  is  not  evident  until  the  concentration  of  acid  in  the 
mixed  fluids  exceeds  24%.  The  concentration  of  acid  should  in 
fact  be  maintained  within  24-1 9%,  since  a  higher  concentration 
than  24%  causes  a  loss  in  the  total  amount  recovered  and  less  than 
19%  gives  an  unduly  slow  absorption. 

In  Fig.  48,  curve  A  shows  that  a  slight  constant  loss  of  iodine 
occurs  from  the  central  chamber  (approximately  1  %  per  hour  of 
the  total  amount  present). 

The  effect  of  changing  the  dichromate  concentration  in  the  outer 
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chamber  The  effect  is  much  less  than  changing  the  concentration 
of  acid.  Similar  results  were  obtained  with  the  permanganate 
system  and  chloride  ;  but  whereas  the  rate  of  chloride  oxidation 


Figs.  48  and  48a. 


Fig.  48.  Curves  C,  D,  E  and  F  represent  the  absorption  rates  of  the 
bromine  from  the  outer  chamber  (‘unit’  No.  1)  containing  01  ml.  of  01 N 
KBr,  1  ml.  of  saturated  dichromate  and  1  ml.  of  sulphuric  acid  of  strengths 
75,  40,  30  and  20%  (by  vol.)  respectively.  Curve  A  represents  the  fall 
in  percentage  value  of  free  iodine  in  the  outer  chamber  introduced  before 
a  blank  determination  (allowance  being  made  for  blank  values).  Curve 
B  represents  the  absorption  of  bromine  from  2-1  ml.  bromine  water  in  the 
outer  chamber. 

Fig.  48a.  Curves  D,  E,  F  and  G  represent  the  bromine  absorption 
from  the  outer  chamber  containing  01  ml.  N  IvBr,  1  ml.  of  40%  (by 
vol.)  of  sulphuric  acid  and  1  ml.  of  saturated,  half-,  quarter-  and  one- 
sixteenth-saturated  dichromate  respectively.  Experiments  conducted 
at  room  temperature  of  about  18°.  Curves  A  and  B  are  the  same  as  in 
Fig.  48. 

seemed  to  be  proportional  to  the  permanganate  concentration,  the 
influence  of  varying  the  concentration  of  dichromate  appears  to 
follow  a  square  root  relation. 

The  effect  is  shown  in  Fig.  48a.  It  may  be  stated  that  saturated 
potassium  dichromate  at  room  temperature  (18°)  contains  9-8  g. 
dichromate  per  100  ml.  solution. 


CHAPTER  XXV 


IODIDES  AND  HALOGEN  MIXTURES 

Iodides.  Free  iodine  diffuses  from  the  outer  chamber  of  the  unit 
into  20%  potassium  iodide  in  the  central  chamber  in  a  similar 
manner  to  bromine  or  chlorine  liberated  by  oxidation.  In  the 
presence  of  the  other  halogens  the  microdiffusion  method  may  be 
found  of  value  in  determining  iodide. 

Procedure.  Depending  on  the  range  of  iodide  (similarly  to  the 
other  halogens),  No.  1  ‘  unit  ’  or  No.  2  or  No.  2a  ‘  units  ’  may  be 
used.  The  outer  rim  of  the  ‘  units  ’  are  smeared  with  a  little 
liquid  paraffin.  Into  the  inner  chamber  is  run  1  ml.  20%  KI,  or 
b- 1—0*2  ml.  for  the  small  units  \  Into  the  outer  chamber  is 
pipetted  1  ml.  of  the  fluid  (0-5  ml.  with  the  smaller  ‘  units  ’), 
about  0-2  g.  powdered  dichromate  and  0-1  ml.  of  A  sulphuric  acid. 
Immediately  after  adding  the  acid  the  lid  is  placed  in  position  on 
the  ‘  unit  ’. 

The  surface  of  the  lid  smeared  with  oil  or  fixative  should  be 
reduced  as  much  as  possible. 

With  minute  quantities  the  use  of  the  *  unit  ’  No.  2a  permits  of 
an  easy  limitation  of  surface,  the  area  around  the  holes  in  lid  and 
on  which  the  little  glass  cylinder  reposes  being  smeared  but  not 
the  cylinder  itself. 

After  two  hours  on  the  bench  the  contents  of  the  inner  chamber 
are  treated  as  for  the  other  halogens. 

Halogen  mixtures.  In  a  mixture  of  iodide,  bromide  and 
chloride,  the  following  technique  may  be  carried  out  for  estimating 
the  three  halogens. 

Iodide  is  determined  as  in  the  above  method.  After  the  titra¬ 
tion  or  removal  of  the  central  contents,  the  inner  chamber  is 
cleaned  and  dried  with  some  filter  paper  and  a  fresh  quantity  of 
20%  KI  added.  The  lids  are  placed  again  in  position  and  1  ml.  of 
22%  sulphuric  acid  added  to  the  outer  chamber.  The  bromide  is 

determined  then  as  already  described. 
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In  determining  the  chloride  with  the  standard  ‘  units  ,1ml. 
vols.  of  the  fluid  are  pipetted  into  the  outer  chamber  of  separate 
<  units  0-5  ml.  of  saturated  potassium  permanganate  added  and 
then  0-1  ml.  of  2 N  sulphuric  acid  and  the  contents  mixed  and 
exposed  for  two  hours  on  the  bench  at  room  temperature.  1  ml. 
of  20%  KI  is  then  added  to  the  central  chamber,  the  lid  placed 
in  position  and  the  acid  in  the  outer  chamber  raised  to  14—10% 
(b}^  vol.)  of  sulphuric  acid  by  adding  0-5  ml.  of  60%  sulphuric- 
acid,  and  determining  the  chloride  as  already  described. 


CHAPTER  XXVI 

THE  CARBON  DIOXIDE  GROUP. 
CARBONATES,  BICARBONATES 

For  quantities  of  carbon  dioxide  of  the  order  of  1-0  mg.  and  bound 
as  carbonate  or  bicarbonate,  the  method  to  be  described,  as  worked 
out  in  conjunction  with  Dr.  Isaccson  (1936),  gives  an  accuracy  of 
about  0*5%  as  a  coefficient  of  variation.  With  the  standard 
‘  unit  ’  it  is  suitable  for  determinations  down  to  0-2  mg.  or  to 
0'1  ®*c.  of  the  gas  at  N.T.P.,  0’2  mg.  carbon  dioxide  corresponding 
to  0-9  ml.  of  A/100  acid.  Below  this  figure  the  carbon  dioxide  of 
the  air  begins  to  interfere  very  appreciably  unless  suitable  modi¬ 
fications  of  the  method  are  introduced. 

With  the  No.  2  ‘  units  ’  the  range  can  be  stepped  down  to 
one-fifth. 

The  method  is  particularly  suitable  for  the  determination  of 
the  bicarbonate  content  of  the  blood  (‘  alkali  reserve  ’  of  Van 
Slyke,  1917),  and  also  for  the  study  of  the  oxidation  rates  of 
organic  substances  in  vitro. 

The  carbon  dioxide  in  the  method  is  measured  as  ml.  of  a 
standard  hydrochloric  acid,  and  the  titration  figure  can  be  con¬ 
verted  at  once  into  c.c.  of  carbon  dioxide  at  N.T.P.  (if  required) 
by  a  single  factor  without  any  further  corrections.  In  a  method 
published  in  1944,  Lehmann  independently  arrived  at  a  similar 
procedure  for  the  determination  of  bicarbonate  in  blood  using  the 
standard  ‘  unit  ’. 

Principle  of  method.  The  total  carbon  dioxide  is  set  free 
by  acidification  in  the  outer  chamber  and  the  free  gas  diffuses  into 
barium  hydroxide  solution  in  the  central  chamber,  where  it  pre¬ 
cipitates  an  equivalent  amount  of  barium  carbonate. 

The  content  of  the  central  chamber  is  titrated  after  absorption 
subsequent  to  the  addition  of  a  drop  of  thymolphthalein  solution, 
which  can  alternatively  be  incorporated  into  the  alkali  at  the 
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beginning.  A  mixture  of  thymolphthalein  and  phenolphthalein 
forms  a  very  good  indicator. 

Procedure.  The  following  procedure  is  applicable  in  general 
to  bicarbonate  and  carbonate  solutions  with  carbon  dioxide 
range  of  about  1-0  to  0-2  mg.  Into  the  outer  chamber  of  a  1  unit  ’ 
is  run  about  0-2  ml.  of  1-0N  sulphuric  acid.  This  is  delivered 
without  blowing,  which  must  be  strictly  avoided  at  every  stage. 
It  is  better  to  have  the  acid  at  one  part  than  spread  over  the 
whole  surface.  A  lid  is  now  smeared  with  vaseline  and  placed  in 
a  ready  position  when  1-0  ml.  of  the  Ba(OH)2  solution  is  run  into 
the  central  chamber  from  a  2  ml.  Bang  burette  with  soda-lime 
guard  (Fig.  10).  It  may  also  be  delivered  from  a  long  tube  pipette 
with  1  ml.  mark.  This  is  filled  with  the  tip  at  the  bottom  of  some 
barium  hydroxide  solution  contained  in  a  narrow  test-tube,  into 
which  it  is  run  from  a  stock  bottle.  The  delivery  into  the  ‘  unit  ’ 
should  be  quickly  carried  out  and  the  lid  placed  immediately  in 
position.  The  ‘  unit  ’  is  now  tilted  by  resting  on  a  spare  lid,  the  lid 
slightly  displaced  to  allow  the  introduction  of  the  tip  of  a  pipette 


and  1 ,  2  or  3  ml.  fluid  for  examination  quickly  run  in,  the  lid  being 
immediately  replaced.  These  deliveries  may  be  made  very  suitably 
from  ordinary  volumetric  pipettes  with  the  point  of  the  tip  broken 
off,  and  at  the  end  of  the  delivery  the  tip  of  the  pipette  should 
touch  the  glass  floor  of  the  unit  ’  momentarily.  The  pipette  is 
standardised  for  such  delivery. 

The  contents  of  the  chamber  are  now  mixed  by  rotation  and 
the  ‘  unit  ’  left  aside  for  30,  45  or  60  minutes  at  room  temperature. 
Fig.  49  shows  the  absorption  rates  in  the  No.  1  and  2  ‘  units  \ 
The  burette  is  then  accurately  adjusted,  the  lid  of  the  ‘  unit  ’  re¬ 


moved  and  the  fluid  in  the  central  chamber  titrated  as  quickly 
as  is  compatible  with  accuracy.  The  end-point  is  a  change  from 
blue  to  colourless  with  thymolphthalein,  or  blue  to  red  to  colour- 
less  including  phenolphthalein.  (If  B.D.H.  Universal  Indicator 
is  incorporated,  the  end-point  is  a  greenish  tint.) 

With  regard  to  the  accuracy  of  the  rapid  deliveries  into  the 
outer  chamber,  as  described  above,  these  can  be  carried  out  with 
coefficients  of  variation  of  about  0-3-0-4%,  as  already  shown  in 

vIa!sP  If  r’  h  T  T  deUry  UP  °f  the  Pipette  tOUches  the 
glass.  If  a  higher  degree  of  accuracy  is  required,  the  use  of  the 


-Ill  [  f  MICRODIFFUSION  ANALYSIS  (METHODS) 

Krogh-Keys  syringe  pipette  for  introducing  the  barium  hydroxide 
solution  is  recommended.  This  procedure  was  adopted  by 
Lehmann  (1944). 

Calculation.  The  titration  difference  between  the  full  ‘  unit  ’ 
and  the  blank  in  large  divisions  on  the  burette  multiplied  by 
0‘02  gives  the  c.c.  of  carbon  dioxide  at  N.T.P.,  which  figure 
divided  by  the  volume  of  fluid  analysed  and  multiplied  by  100 


Fig.  49.  Percentage  absorption  rates  of  C02.  Curves  A,  B,  D  and  E 
describe  the  rates  with  0-4,  04,  0-8  and  1-6  ml.  fluid  volume  in  the  outer 
chambers  of  No.  2  *  units  ’  respectively.  For  curve  A  the  ‘  unit  ’  was 
continuously  rotated.  For  all  these  curves  0-2  ml.  Ba(OH)2  was  con¬ 
tained  in  the  inner  chamber.  Curve  C  shows  the  absorption  rate  for 
the  standard  ‘  unit  ’  (No.  1)  with  2-3  ml.  in  the  outer  chamber  (giving 
the  same  depth  as  0-8  ml.  in  the  No.  2  unit  )  and  l-3  ml.  Ba(OH)2 
in  the  central  chamber. 


gives  the  vols.  carbon  dioxide  per  cent.  The  calculation  is  inde¬ 
pendent  of  temperature  and  barometric  pressure. 

Note  on  the  effective  sealing  of  the  ‘  units  For  effective 
sealing  of  the  ‘  units  ’  against  entry  of  the  atmospheric  carbon 
dioxide,  the  contact  of  lid  and  ‘  unit  ’  must  appear  to  form  a 
circular  transparent  ring  when  looked  at  from  above.  Where  the 
contact  is  not  good  this  ring  will  be  broken  by  an  opaque  patch. 
A  small  proportion  of  No.  1  ‘  units  ’  and  lids  as  at  present  manu¬ 
factured  will  not  give  an  adequate  contact  for  this  determination 
and  must  be  looked  for  on  setting  up  the  required  number.  If 
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found  they  must  be  rejected.  The  No.  2  ‘  units  can  always  be 
easily  sealed. 

Accuracy  of  method.  Where  care  is  taken  to  fill  the  ‘  unit 
and  to  titrate  at  the  end  in  a  uniform  time,  the  standard  devia¬ 
tion  of  the  single  determination  need  not  exceed  0-6%.  This 
accuracy  was  worked  out  using  2  ml.  1%  lactic  acid  to  liberate  the 
C02,  and  may  be  considered  to  apply  to  the  sulphuric  acid  pro¬ 
cedure  described.  It  is  to  be  emphasised  that  the  alkali  surface 
must  be  exposed  as  little  as  possible  to  the  air.  It  may  also  be 
mentioned  that  from  the  principles  of  Chapter  IV  practically  the 
whole  of  the  absorption  time  with  volatile  substances  (such  as 
carbon  dioxide)  is  taken  up  by  diffusion  through  liquid  in  the 
outer  chamber. 

Consequently,  a  considerable  diminution  in  the  surface  of  the 
internal  chamber  without  appreciably  extending  the  absorption 
time  may  be  theoretically  expected,  and  explains  the  similarity 
of  curves  C  and  D  in  Fig.  49.  With  No.  2  ‘  unit  ’  a  higher  accuracy 
may  then  be  expected  over  certain  ranges  of  C02.  At  the  same 
time  with  the  No.  1  ‘  unit  ’  the  effect  of  surface  exposure  could  be 
much  lessened  by  removing  0-5  ml.  and  titrating  in  a  stream  of 
C02-free  air. 


Solutions  required. 

Hydrochloric  acid.  0-179N.  This  is  made  by  making  35-9  ml. 
of  N/l  HC1  to  200  ml.  with  distilled  water.  Each  large  division  on 
the  burette  (0-01  ml.)  is  the  equivalent  of  0-02  c.c.  carbon  dioxide 
at  N.T.P.  or  to  0-0395  mg.  carbon  dioxide.  Once  made  up,  this 
solution  is  permanent,  and  since  it  alone  is  referred  to  in  the 
calculation  the  form  of  this  latter  is  always  fixed  without  further 
correction  of  temperature,  barometric  pressure,  change  of  titre 

etc  The  slight  alterations  of  fluid  volume  with  temperature  lie 
within  the  range  of  error. 

Barium  hydroxide  with  indicator.  44-9  ml.  NI5  barium 
hydroxide  plus  5-0  ml.  0-1%  thymolphthalein*  in  alcohol  (or 
alternately  3  ml !  B.D.H.  Universal  Indicator)  are  made  up  to 
100  ml.  with  distilled  water.  Each  ml.  is  the  equivalent  of  50 
rge  divisions  (0-50  ml.)  on  the  burette  with  the  standard  acid. 

*  Or  mixed  thymolphthalein  and  phenolphthalein. 
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Standard  sodium  carbonate  solution.  N/ 20  sodium  carbonate 
solution  will  be  found  convenient  (0-265  g.  anhydrous  sodium 
carb./100  ml.).  Each  ml.  is  the  equivalent  of  27-8  large  divisions 
on  the  burette.  This  solution  may  be  used  occasionally  as  a  check 
or  control . 

Determination  of  the  total  carbon  dioxide  or  of  the  bicarbonate 
content  of  blood  (‘  alkali  reserve  ’).  (See  below,  method 
using  0-2  c.c.  blood.)  It  is  essential  for  any  true  picture  of 
the  conditions  that  the  blood  be  collected  anaerobically.  With 
regard  to  the  collection  of  blood,  centrifuging  and  equilibrating 
the  centrifuged  plasma  with  alveolar  air,  Peters  and  Van  Slyke 
write  :  “  The  procedure  gave  practical  information  of  importance 
in  the  detection  of  the  presence  and  extent  of  disturbance  of  the 
acid-base  balance.  However,  it  does  not  measure  directly  the 
concentration  of  either  bicarbonate  or  total  carbon  dioxide  in  the 
circulating  blood.  For  this  reason  it  has  been  replaced  by  the 
simpler  procedure  of  determining  the  C02  content  of  the  true 
plasma  or  serum  from  blood  which  has  been  drawn  and  centrifuged 
with  precautions  to  prevent  loss  of  C02  ”  (1932). 

Collection  of  the  blood  anaerobically.  The  simplest  way 
would  appear  to  be  a  collection  direct  from  the  vein  (or  artery  in 
the  experimental  animal)  through  a  tube  dipping  under  paraffin 
oil  in  a  centrifuge  tube  lined  with  paraffin  wax  and  containing  a 
particle  of  heparin.  The  blood  is  then  immediately  sealed  off 
with  some  molten  paraffin  wax  (m.p.  45°),  cooled  on  ice  and  centri¬ 
fuged.  A  neat  method  of  sealing  due  to  Dr.  Kane  is  used  here  as  a 
routine  and  is  of  value  when  immediate  determinations  are  not 
carried  out.  The  liquid  paraffin  is  sealed  with  a  layer  of  molten 
paraffin  (m.p.  45°  or  less),  and  in  this  is  embedded  a  somewhat 
flattened  wire  spiral.  The  tube  is  cooled  on  ice  and  centrifuged, 
and  in  this  way  may  be  stored  for  days  in  the  refrigerator.  For 
analysis  the  tube  is  dipped  momentarily  in  water  at  about  45  , 
then  the  seal  is  pulled  out,  using  the  spiral  as  a  handle^  The  con¬ 
tent  of  CO 2  in  1  ml.  is  determined  as  in  the  method  descnbec 

ab Calculation.  The  number  of  large  divisions i  « i  the  toette 
corresponding  to  the  C02  absorbed  is  multiplied  by  2-0,  giving 
volumes  CO  2/ 109 
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Variations  of  the  blood  C02  in  health  and  disease.  These 
are  shown  in  the  following  table  (Table  XIII),  from  the  data 
assembled  by  Peters  and  Van  Slyke  (1932). 


Table  XIII 


Plasma. 

Arterial 

blood 

co2 

vols.  %. 

Venous 

blood 

C02 

vols.  %. 

CO  2 

vols.  %. 

Bicarbonate 
content  (as 
vols.  C02%). 

Normal  resting  subject  - 
Mild  acidosis,  no  pro- 

73-55 

69-51 

53-43 

60-49 

nounced  symptoms 
Moderate  to  severe  acid¬ 
osis  symptoms  may  be 

55-40 

51-38 

apparent 

Severe  acidosis,  acid  in- 

40-30 

38-27 

— 

— 

toxication  - 

30 

29 

— 

— 

Note  on  the  term  ‘  alkali  reserve  The  term  *  alkali  re¬ 
serve  ’  is  somewhat  of  a  misnomer,  since  the  bicarbonate  anion 
represents  only  a  fraction  of  the  total  blood  buffering,  which  in 
turn  is  only  one-sixth  the  total  buffering  of  the  body  at  the  normal 
or  viable  levels,  and  it  would  seem  preferable  to  state  the  result 
as  plasma  bicarbonate. 

Application  of  the  foregoing  method  to  the  pH  determination 
of  circulating  arterial  blood.  We  may  write  the  Henderson- 
Hasselbalch  equation  for  very  dilute  solutions  in  the  form 


rpK=pK.\  H-log 


L-TLCAJ  3J 


-  o 


(30) 


[H2C03] 

In  this,  [HCO'g]  is  the  bicarbonate  ion  concentration  and  [H,CO»] 
may  be  taken  as  the  concentration  of  free  carbon  dioxide  in  solu¬ 
tion  ;  pK\  =  -  log  K\  =  6-33  at  38°,  where  K\  is  the  first  apparent 
dissociation  constant  at  infinite  dilution.  (The  value  6-33  in¬ 
creases  by  0-005  for  every  degree  centigrade  below  38°  ) 

P  is  the  ‘ionic  strength  ’  of  the  solution  and  is  obtained  by 
multiplying  the  concentration  of  each  ion  by  the  square  of  that 
ion  s  i  a  ence  number,  summing  all  these  products  and  dividing 
the  result  by  two  (Debye  and  Hiickel,  1923). 

For  human  blood  plasma  at  37°  C.  the  equation  may  be  written 
(taking  account  of  the  data  of  Dill,  Daly  and  Forbes,'  1937) 
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=  6- 1 0  +  log  iC0  ^  2C°3^ 


(31) 


[H2C03]  ’ 

where  [C02]  is  the  total  carbon  dioxide,  and  [H2C03]  the  physic¬ 
ally  dissolved  carbon  dioxide.  The  value  of  [H2C03]  is  given  as 

c.c./lOO  ml.  or  volume  per  cent,  by  >  where  a  is  the  Bunsen 


absorption  coefficient  at  body  temperature  (c.c.  gas  dissolved  in 
1  c.c.  at  760  mm.  pressure  and  reduced  to  volume  at  0°).  The 
exact  value  for  a  in  serum  as  determined  by  Van  Slyke,  Sendroy, 
Hastings  and  Neill  (1928)  is  0-510,  so  that  [H2C03]  becomes 
0-0672p,  and  we  have 


pH  =  6-10  +  log 


[C02]  -0-0672p 
0-0672p 


(32) 


In  this  equation  by  inserting  the  total  carbon  dioxide  of  the  blood 
(vols.  %)  as  determined  in  the  preceding  method  for  blood  col¬ 
lected  anaerobically,  and  for  p  the  alveolar  air  carbon  dioxide 
tension  in  millimetres  of  mercury,  we  get  the  required  pH  value 
from  the  equation.  Thus,  for  example,  if  [C02]  is  55-0  vols.  % 
and  p  is  38-0  mm.,  we  obtain 

,  55  0-2-56 

pH  =  6-10  +  log - — — 

=  7-42. 

(This  method  was  used  by  Kane  and  O’Connor  (1937)  in  a  study 
of  the  relation  of  the  pH  of  the  blood  and  the  isodynamic  law.) 

Carbon  dioxide  combining  capacity  (similar  to  the  older 
method  of  Van  Slyke  and  Cullen  as  far  as  the  carbon  dioxide  de¬ 
termination).  This  method  (with  the  manometric  analysis)  is 
described  by  Peters  and  Van  Slyke  (Quant.  Clin.  Chem.,  vol.  ii, 
1932)  as  still  finding  a  definite  place  when  provision  for  the 
anaerobic  method  is  lacking.  It  is  based  on  the  determination  of 
the  carbon  dioxide  content  of  separated  plasma  equilibrated  with 
alveolar  C02  or  with  5-5%  carbon  dioxide  mixture  in  a  300  ml. 
separating  funnel.  The  results  are  about  3  volumes  per  cent,  too 
high  by  reason  of  the  greater  solubility  of  C02  in  the  cold  (1-6  times 
as  high  at  20°  C.  as  at  38°  C.).  “  The  relationship  is  quite  constant, 
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Fig.  50.  Titration  with  the  horizontal  burette  in  a  stream  of 
carbon  dioxide  free  air. 


so  that  for  the  purpose  of  following  pathological  changes  in  the 
alkali  reserve  in  the  conditions  above  mentioned,  the  C02  capacity 
is  entirely  serviceable.”  It  is  also  pointed  out  that  in  the  majority 
oi  cases  the  physician  wishes  to  ascertain  if  a  diabetic  or  nephritic 
is  threatened  with  acid  intoxication  or  if  vomiting  or  alkali  therapy 
as  produced  a  state  of  alkali  excess  in  the  blood.  In  these  con 
dit.ons  the  plasma  bicarbonate  changes  are  gross  ones,  and  the 
results  similar  to  the  anaerobic  method. 

The  conditions  in  which  it  differs  much  from  this  latter  method 

re  those  associated  withover  or  underventilationof  carbon  dioxide. 
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Procedure. 

Blood  collection.  The  blood  (5  c.c.  or  more)  may  be  collected  in 
a  syringe  and  transferred  to  an  oxalated  centrifuge  tube  with  the 
needle  at  the  bottom  of  the  tube,  so  that  the  blood  does  not  fall 
through  the  air.  The  blood  is  agitated  as  little  as  possible — and 
only  gently  stirred  for  solution  of  the  oxalate.  It  is  then  centri¬ 
fuged  and  the  plasma  removed  at  the  deepest  level  and  trans¬ 
ferred  (somewhat  over  2  ml.)  to  the  separating  funnel  (Fig.  50). 


The  transference  need  not  be  immediate,  it  being  possible  to  store 
the  plasma  throughout  the  day  in  a  clean  test-tube  or  in  a  par¬ 
affined  tube  in  the  refrigerator  for  days. 

Saturation  with  5-5%  carbon  dioxide.  Alveolar  air  may  be 
used.  Air  is  expired  as  quickly  and  as  fully  as  possible  after  an 
ordinary  expiration,  and  through  the  tube  entering  the  bottle  with 
moistened  glass  beads  (Fig.  51).  The  air  leaving  the  glass  beads 
will  be  saturated  with  water  vapour  at  the  temperature  of  the 
room.  Immediately  after  the  expiration  the  stopper  is  inserted  to 
prevent  any  back  diffusion  of  air.  The  funnel  is  rotated  for  two 
minutes  distributing  the  plasma  in  a  thin  layer  over  the  interior. 
The  stoppered  funnel  is  then  placed  upright  for  a  few  minutes,  so 
that  the  plasma  drains  to  the  lower  end.  One  ml.  plasma  is  re¬ 
moved  in  a  long  pyrex  tube  pipette  with  mark  at  the  1  ml.  which 
has  been  standardised  for  delivery  in  1  second  or  less  with  tip 
touching  the  glass  bottom  of  the  unit  (this  delivery  gives  an  error 
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of  0-4%  as  a  coefficient  of  variation,  as  shown  in  Table  III).  The 
introduction  is  made  into  a  prepared  ‘  unit  ’  which  is  tilted  to  one 
side,  the  lid  opened  momentarily  just  sufficient  to  introduce  the 
tip  of  the  pipette,  which  should  touch  the  glass  bottom  of  the 
‘  unit  ’  at  least  momentarily  after  the  delivery.  The  lid  is  in¬ 
stantly  replaced  and  the  ‘  unit  ’  rotated,  the  remaining  procedure 
being  as  already  described.  A  blank  determination  carried  out  at 
the  same  time  on  distilled  water  gives  an  allowance  both  for  the 
dissolved  C02  (not  exactly,  but  sufficiently  accurate  for  the 
purpose)  and  any  deterioration  in  the  Ba(OH)2  solution. 

Total  C02  in  blood  or  plasma,  using  0  1  ml.  vols. 

The  microdiffusion  method  with  0-1  ml.  blood  using  No.  2a 
‘  units  ’  (or  alternatively  No.  2)  is  specially  suitable.  M/50  bi¬ 
carbonate  is  used  to  control  the  determination. 

Procedure.  Into  the  outer  chamber  of  No.  2a  ‘  units  ’  is 
pipetted  0-5  ml.  of  Nj 20  HC1.  The  rims  of  the  ‘  units  ’  are 
vaselined  or  smeared  with  liquid  paraffin. 

0-1  ml.  volumes  of  If/ 12-5  Ba(OH)2  with  indicator  are  then  in¬ 
troduced  into  the  central  chamber,  using  for  convenience  here  a 
delivery  between  two  marks,  as,  for  example,  in  the  pipettes  sup¬ 
plied  with  the  Warburg  apparatus.  The  lids  smeared  with  liquid 
paraffin  (or  tragacanth  fixative  as  described  below)  are  placed  in 
position  and  the  hole  in  the  lid  closed  with  the  little  glass  cylinder, 
the  base  of  which  has  been  likewise  smeared.  The  0-1  ml.  blood 
or  plasma  is  then  quickly  introduced  from  a  pipette  inserted 
through  the  hole,  removing  the  small  cylinder  momentarily  for 
the  purpose  and  using  a  similar  pipette  as  for  the  barium  hydroxide 
introduced  into  the  central  chamber.  Immediately  after  with¬ 
drawing  the  pipette  the  hole  is  again  closed  by  the  little  cylinder. 
The  contents  of  the  outer  chamber  are  mixed  and  the  ‘  units  ’  left 
aside  for  one  hour  on  the  bench. 

Blank  ‘  units  ’  are  likewise  set  up.  The  contents  of  the  central 
chamber  are  then  titrated  to  a  light  green  with  Nj 50  HC1  from 
the  Conway  burette. 

Calculation.  The  number  of  large  divisions  on  the  burette  cor¬ 
responding  to  the  C02  absorbed  gives  directly  the  millimols  total 
CO  2  in  the  blood. 
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The  procedure  may  be  standardised  with  M/ 50  bicarbonate. 
The  coefficient  of  variation  was  found  to  be  about  0-8%  in  a 
series  of  determinations. 

Solutions. 

M/12-5  Ba(OH)2.  40  ml.  of  N/5  Ba(OH)2  are  made  up  to  100  ml. 
with  indicator  ( vide  p.  192)  incorporated.  A  little  is  poured 
into  a  narrow  test  tube  and  the  0-l  ml.  vols.  are  removed  by 
placing  the  tip  of  the  pipette  well  below  the  surface. 

M/50  NaHC03  or  KHC03.  Dissolve  168  mg.  NaHC03  or 
200  mg.  KHC03  in  distilled  water  and  make  to  100  ml. 

Water  soluble  fixative  (if  desired).  6  g.  tragacanth  ground  in  a 
large  mortar  with  slow  addition  of  80  ml.  water  ;  30  ml.  glycerol 
and  4  ml.  N  HC1  are  then  added  and  mixed. 

Notes  on  the  method.  The  method  is  very  convenient  and 
accurate  for  0-1  ml.  volumes  of  blood  or  plasma  the  titration  re¬ 
sults  representing  at  once  the  mM.  per  litre.  Instead  of  the 
No.  2a  ‘  units  ’  the  No.  2  may  be  used. 

The  blood  must  be  introduced  rapidly  with  as  little  loss  of  C02 
as  possible,  and  the  delivery  between  two  marks  is  here  conven¬ 
ient.  Such  0-1  ml.  pipettes  may  be  readily  constructed. 

The  rate  of  absorption  of  C02  in  the  No.  2  ‘  units  ’  is  shown  in 
Fig.  49  compared  with  that  from  the  larger  standard  apparatus 
and,  as  will  be  noticed,  there  is  very  little  difference  in  the  times 
required  for  the  full  absorption. 

Measurement  of  fermenting  power  of  yeast. 

The  CO  2  produced  by  the  fermentation  is  absorbed  in  NaOH  in 
the  central  chamber.  After  a  short  time  (about  10  mins.,  but  30 
may  be  allowed)  the  absorption  becomes  a  linear  function  of  the 
time  and  represents  the  C02  formed  by  fermentation. 

By  titrating  some  ‘  units  ’  at  different  times  after  setting  up, 
the  rate  of  fermentation  may  be  determined. 

Procedure.  Into  the  outer  chamber  of  No.  1  ‘  units  ’  is  pipetted 
1  ml.  of  the  yeast  suspension  (1  in  20  of  tap  water).  Into  the 
central  chamber  is  run  1  ml.  of  AT/K)  NaOH  containing  indicator. 
The  lids  are  placed  at  once  on  the  ‘  units  ’  and  1  ml.  of  6%  glucose 
then  run  into  the  outer  chamber.  After  30  minutes  the  central 
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chamber  is  titrated,  0-5  c.c.  of  saturated  BaCl2  being  first  added 
and  for  ten  or  twenty  minute  periods  after  this  30  minute  period 
(taken  from  the  addition  of  the  glucose)  other  ‘  units  ’  are  titrated. 
In  this  way  a  line  may  be  plotted  giving  the  carbon  dioxide 
output. 

The  method  can  be  adapted  readily  for  the  No.  2  ‘  units 
0-2  ml.  N/ 10  NaOH  is  placed  in  the  central  chamber  and  0-5  ml. 
of  yeast  suspension  and  0-5  ml.  6%  glucose  added,  etc.  Before 
titrating  a  small  drop  of  saturated  BaCl2  is  added. 

Charnley’s  application  of  the  microdiffusion  technique  to 
measurement  of  fish  spoilage  (1945).  In  a  previous  chapter  the 
determination  of  trimethylamine  as  a  measure  of  fish  spoilage  was 
described  (Beatty  and  Gibbons,  1937).  Charnley  (1945)  has  used 
the  CO  2  value  of  the  drained  muscle  tissue  as  a  measure  of  the 
freshness  of  canned  salmon.  With  his  procedure  5  g.  of  drained 
muscle  tissue  from  the  interior  of  the  sample  are  rapidly  broken 
or  minced  and  introduced  into  the  outer  chamber  of  a  weighed 
standard  ‘  unit  ’.  The  cover  (with  fixative)  is  replaced  quickly 
and  the  whole  weighed.  1-0  to  1-2  ml.  of  Nf  10  Ba(OH)2  is  quickly 
introduced  into  the  central  chamber,  the  cover  replaced  and  the 
‘  unit  ’  incubated  at  50°  C.  After  30  minutes  it  is  removed  and  the 
contents  of  the  inner  chamber  titrated  with  IV/ 10  HC1,  using  a 
drop  of  phenolphthalein  as  indicator. 

(A  suggested  alternative  procedure  would  be  to  use  Nj  10  KOH 
with  indicator  in  the  central  chamber,  and  to  titrate  with  N/5  HC1 
from  the  horizontal  burette,  after  adding  0-5  ml.  saturated  Ba( Cl)  2.} 

Bach  ml.  JV/10  HCl  =  2-2  mg.  C02  (or  each  large  division 
N/5  HC1  from  the  Conway  burette  =  0-044  mg.  C02).  The  C02 
value  of  the  sample  is  expressed  as  mg.  CO  2  per  g.  This  CO  2  value 
is  found  to  be  proportional  to  the  mean  value  of  the  examiner’s 

rating.  A  scale  for  grading  freshness  of  canned  salmon  is  given  as 
follows. 

Average  C02  value  Grade 

Less  than  0-130  A 

0-130  to  0-170  B 

->  Condemned 

As  fixative  in  the  above  method  50%  paraffin  with  50%  beeswax 
was  found  serviceable  ;  also,  75%  paraffin  and  25%  petrolatum. 


CHAPTER  XXVII 


BLOOD  GLUCOSE  AND  FERMENTABLE  SUGAR  IN 

NORMAL  URINE 

BLOOD  GLUCOSE 

The  estimation  of  the  blood  glucose  is  an  important  clinical 
method,  and  the  determination  here  given  (O’Malley,  Conway  and 
FitzGerald,  1943)  may  be  considered  as  generally  applicable  to 
minute  quantities  of  glucose  or  other  fermentable  sugar. 

A  manometric  method  for  determining  the  true  sugar  in  blood 
was  described  by  Holden  (1937)  and  compared  with  the  Somogyi 
(1927)  modification  of  determining  the  true  sugar  by  a  subtraction 
of  the  reducing  material  present  after,  from  that  present  before, 
fermentation.  A  method  for  the  estimation  of  blood  glucose  is 
here  described  in  which  the  C02  evolved  by  yeast  action  on  blood 
is  measured  by  a  microdiffusion  technique.  The  whole  procedure 
of  fermentation,  diffusion  and  titration  is  carried  out  in  the  No.  2 
or  2a  ‘  units  ’.  The  results,  for  non-fasting  subjects,  are  in  agree¬ 
ment  with  those  of  the  Fugita  and  Iwatake  (1931)  modification  of 
the  Hagedorn-Jensen  method  on  the  same  specimens  of  blood. 
In  this  modification  the  blood  is  deproteinised  with  Cd  instead  of 
Zn,  and  the  method  is  claimed  to  give  a  reliable  measure  of  the 
true  blood  glucose.  With  blood  from  fasting  subjects  the  micro¬ 
diffusion  method  gives  slightly  lower  values,  which  indicates  an 
even  closer  apj^roach  to  the  actual  value. 

In  the  method  as  already  published  the  autofermentation  of  the 
yeast  in  the  presence  of  blood  as  compared  with  saline  under  similar 
conditions  remained  to  be  determined.  It  has  now  been  shown 
(McCauley,  Conway  and  Dillon,  1944)  that  no  difference  arises 
from  the  interchange.  It  would  appear  then  that  the  method  gives 
the  true  value  of  the  fermentable  material  in  blood  which  is  almost 

altogether  glucose. 

While  the  general  principle  of  the  method  is  here  very  simple 

the  disturbing  factor  of  the  autofermentation  of  the  yeast  must 
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be  borne  in  mind  and  carefully  allowed  for,  also  the  yeast  sus¬ 
pension  should  be  practically  as  nearly  C02  free  as  possible  before 
introduction,  and  the  preformed  C02  of  the  blood  removed. 
Another  difficulty  will  appear  from  the  following. 


Yield  of  C02  from  fermented  glucose. 

From  the  equation 

C6H12Oc  =  2C02  +  2C2H5OH 

1  mg.  of  glucose  should  yield  0-489  mg.  C02  corresponding  to  Ml 
ml.  N/5 0  acid.  As  is  well  known,  less  than  this  theoretical  yield  is 
obtained.  We  have  found  an  average  of  78%  with  baker’s  yeast 
and  of  92%  with  brewer’s  yeast  (Guinness).  Van  Slyke  and 
Hawkins  (1929)  found  71-79%  with  baker’s  yeast,  and  Holden 
(1937)  an  average  of  86%  with  a  certain  type  of  brewer’s  yeast 
(L-A  nheuser-Busch ) . 

The  yield  is  also  somewhat  affected  by  the  age  of  the  yeast 
though  from  2-19  days  little  variation  was  found  with  baker’s 
37east.  It  is  also  affected  by  the  nature  of  the  medium,  being  a 
little  higher  with  saline  than  with  blood.  At  the  same  time  rather 
wide  variations  of  pH  have  little  effect  ;  thus  it  is  practically 
constant  from  3-5  pH. 


It  will  appear  then  that  an  internal  control  is  necessary  ;  by 
which  is  meant  that  the  amount  of  C02  produced  from  a  definite 
small  quantity  of  glucose  added  to  a  measured  sample  of  blood 
under  the  conditions  of  the  determination  is  required  to  measure 
the  percentage  yield  of  C02  and  so  control  the  estimate. 

Procedure.  Firstly,  in  order  to  have  the  yeast  suspension  prac¬ 
tically  free  of  C02,  1-5  ml.  volumes  of  the  suspension  are  intro¬ 
duced  into  the  outer  chambers  of  the  standard  ‘  units  ’  (No.  1). 
These  are  left  exposed  on  the  bench  while  the  others  are  being 
made  ready.  Duplicate  samples  of  0-1  ml.  blood  are  then  intro¬ 
duced  into  No.  2  (or  No.  2a)  ‘  units  ’,  4  ‘  units  ’  being  prepared  for 
one  sample  of  blood.  Two  ‘  units  ’  are  also  set  up  with  0-1  ml. 
water.  To  all  of  these  except  2  of  the  4  ‘  units  ’  with  blood  from 
the  one  specimen,  05  ml.  of  the  acidifying  mixture  is  added,  this 
is  mixed  with  the  blood  :  0-5  ml.  of  the  acidifying  mixture  con¬ 
taining  glucose  is  then  introduced  into  the  2  remaining  '  units  ’ 

Approximately  10  min.  from  the  introduction  of  the  acid  02  ml 
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of  the  solution  of  Ba(OH)2  plus  indicator  is  introduced  into  the 
central  chamber,  and  each  ‘  unit  ’  closed  immediately.  Into  all 
the  small  units  ’  0-2  ml.  of  the  yeast  suspension  is  now  intro¬ 
duced,  and  is  taken  from  the  large  £  units  ’  after  stirring.  This 
introduction  is  also  made  quickly  from  a  0-2  ml.  tube-pipette  and 
after  the  ‘  unit  ’  has  been  closed  the  contents  of  the  outer  chamber 
aie  mixed  by  rotation.  After  90  minutes  at  room  temperature  the 
contents  of  the  central  chamber  are  titrated  with  A/ 50  HC1  from 
the  Conway  burette,  to  a  pH  of  7-5-8-0. 

YY  ith  regard  to  the  fixative,  vaseline  or  liquid  paraffin  may  be 
used,  or  a  water  soluble  fixative,  such  as  the  tragacanth  mixture 
described  below.  The  No.  2  ‘  units  ’  may  be  used  as  described  in 
the  last  chapter,  under  the  description  of  the  estimate  of  total 
CO 2  in  0-2  ml.  blood. 

Calculation.  The  number  of  divisions  on  the  burette  corre¬ 
sponding  to  1  mg.  glucose/ 100  ml.  blood  is  obtained  by  subtracting 
the  mean  titration  for  the  2  (of  the  4)  blood  ‘  units  5  which  contain 
added  glucose  from  the  mean  of  the  2  without  added  glucose,  this 
value  being  then  divided  by  200.  For  the  remaining  ‘  units  ’  the 
titration  values  are  subtracted  from  the  mean  of  those  containing 
water,  and  divided  by  the  result  obtained  above,  giving  the  con¬ 
centration  as  mg.  glucose/ 100  ml.  blood. 

Example.  ( 1 )  Mean  titration  of  ‘  units  ’  with  added 

glucose  .....  1 10  (large  divs.) 

(2)  Mean  titration  of  corresponding 

‘  units  ’  without  added  glucose  -  28-0 

(3)  Blank  with  water  instead  of  blood  3 (5 -8 

Concentration  of  glucose  in  the  blood 

(36-8-  28  0)  OAA  1A(  /1AA  , 

=  ' - -  x  200=  104  mg./lOO  ml. 

(28-0-11-0) 

Other  blood  samples  require  the  setting  up  only  of  duplicate  ‘  units  ’ 
as  in  (2). 

Range  of  method.  The  range  for  the  blood  sample  with  the 
internal  control  is  300  mg./lOO  ml.,  but  for  other  blood  samples 
done  at  the  same  time  it  is  500  mg./lOO  ml. 

Solutions,  etc. 

N/20  Ba(OH)2  with  indicator  (vide  p.  211). 
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N/50  HC1. 

Acidifying  mixtures  for  outer  chamber.  (1)  N/ 20  HC1  containing 
4%  ethanol.  (2)  N/ 20  HC1  containing  4%  ethanol  and  0-04% 
glucose  which  may  be  prepared  by  using  a  stock  2%  glucose  in 
2%  NaCl  solution  of  which  2  ml./lOO  ml.  are  included. 

Yeast  suspension.  Approximately  10  g.  of  yeast  are  made  into  a 
suspension  with  100  ml.  tap  water,  left  for  a  day  on  the  bench,  and 
then  placed  in  the  refrigerator.  It  may  be  used  after  the  first  day 
for  about  2  weeks.  If  the  suspension  is  made  in  0-5%  KH2P04  it 
will  be  usable  for  a  somewhat  longer  period. 

Fixative.  Vaseline,  or  liquid  paraffin  or  some  acidic  water 
soluble  fixative,  such  as  tragacanth  may  be  used.  In  making  the 
tragacanth  fixative,  6  g.  tragacanth  are  ground  in  a  large  mortar 
with  the  slow  addition  of  80  ml.  water  ;  30  ml.  glycerol  and  4  ml. 
N  HC1  are  then  added  and  mixed. 


Further  notes  on  the  method. 


Effect  of  glycolysis.  The  microdiffusion  method  like  Holden’s  is 
independent  of  glycolysis  up  to  4  or  5  hr.  exposure  of  blood 
samples  to  room  temperature.  If  the  samples  are  stored  in  the 
refrigerator  much  longer  times  may  be  allowed. 

Anti -glycolytic  substances  such  as  fluoride  must  not  be  added. 
Oxalate  or  citrate  used  to  prevent  clotting  have  no  effect  on  the 
determination. 

Autofermentation  of  the  yeast.  Besides  the  C02  coming  from  the 
fermentation  of  blood  sugar,  yeast  steadily  produces  an  appre¬ 
ciable  quantity  by  autofermentation.  Such  autofermentation 
decreases  with  the  age  of  the  yeast  suspension,  the  fall  being 
most  rapid  in  the  first  24  hours.  It  is  advisable,  therefore,  to 
allow  if  to  stand  for  24  hrs.  at  room  temperature  and  then 
to  place  it  in  the  refrigerator.  After  the  first  day  the  auto¬ 
fermentation  during  the  course  of  the  determination  and  using 

baker’s  yeast  will  account  for  about  0-03  ml.  (3  large  divs  ) 
of  N/ 50  acid.  ' 


Ethanol  m  the  acidifying  mixture.  Before  using  the  special 
acidifying  mixture  described  it  was  found  that  the  C02  yield  for 
small  quantities  of  added  glucose  (1  mg./ml.  blood)  was  propor¬ 
tionally  less  than  for  larger  additions  (2-4  mg./ml.).  This  effect 
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was  found  to  be  suppressed  by  adding  a  little  ethanol  to  the 
acidifying  fluid  introduced  into  the  outer  chamber. 

Accuracy  of  the  single  determination.  From  a  study  of  the 
duplicate  results  the  coefficient  of  variation  was  found  to  be  1-7%. 

Fermentable  sugar  in  normal  urine. 

for  glucose  in  diabetic  urine  the  ordinary  methods  turning  on 
copper  reduction  will  probably  be  found  more  convenient.  The 
delicacy  of  the  microdiffusion  method  lends  itself,  however,  to 
accurate  determination  of  the  minute  amounts  of  glucose  or 
fermentable  sugar  in  normal  urine.  The  principle  of  the  method  is 
essentially  similar  to  that  of  the  blood  glucose  already  described. 

Procedure.  In  order  to  have  the  yeast  suspension  practically 
free  of  C02  when  introduced  into  the  ‘  units  ’  1-5  ml.  vols.  may  be 
introduced  into  one  or  more  No.  1  ‘  units  ’  and  left  exposed  on  the 
bench. 

Some  of  the  urine  is  then  fermented.  For  this  purpose  10  c.c. 
may  be  taken,  1  g.  yeast  added  and  mixed  and  maintained  at 
30°  C.  for  15  minutes.  It  is  then  centrifuged  at  high  speed  and 
filtered  free  from  yeast  cells. 

For  each  urine  sample  three  25  c.c.  flasks  with  the  following 
additions  are  prepared  : 

(A)  10  ml.  fermented  urine +  2  ml.  acidifying  mixture  No.  1. 

(B)  10  ml.  urine +  2  ml.  aciddying  mixture  No.  1. 

( C )  10  ml.  urine  +  2  ml.  of  acidifying  mixture  No.  2. 

These  are  brought  to  boiling  and  then  cooled  and  a  duplicate 
set  of  No.  2  or  2a  4  units  ’  prepared  for  each.  Into  the  outer 
chambers  of  these  is  put  1  c.c.  of  the  urine-acid  mixture  and  into 
the  inner  0*2  c.c.  of  the  N/20  Ba(OH),  with  B.D.H.  Indicator. 
After  closing  the  ‘  units  ’  0-2  ml.  of  1/20  yeast  suspension  is  added 
as  described  (see  previous  method  or  that  for  C02  in  0-2  c.c.  blood). 
Each  ‘  unit  ’  is  rotated  after  the  addition  of  the  yeast  and  at  the 
end  of  3  hours  the  contents  of  the  inner  chamber  are  titrated 
with  A/50  HC1  from  the  Conway  burette.  (The  end-point  with 
Universal  Indicator  is  taken  when  a  light  green  appeals.) 

Calculation.  This  may  be  represented  as  : 

aLlb.  x  50  =  mg.  glucose/100  ml.  urine. 
a  -  c 


225 


BLOOD  GLUCOSE 
a,  b,  and  c  are  the  titration  results  for  A,  B,  and  C  flasks  as  de¬ 
scribed  above. 

Solutions,  etc. 

N/20  Ba(OH)2  with  indicator  (vide  p.  192). 

Acidifying  Mixture  No.  1.  (pH  =  4-5)  This  is  prepared  by  dissolving 
50  g.  of  citric  acid  in  distilled  water,  adding  15  g.  NaOH  and  40  ml. 
absolute  alcohol  and  making  up  to  one  litre.  The  solution  is  stored 
in  the  refrigerator. 

Acidifying  Mixture  No.  2  (with  glucose).  This  contains  250  mg.  %  glucose. 
10  c.c.  of  stock  glucose  solution  (2-5  g.  %  in  2%  saline)  are  made  up 
to  100  ml.  with  acidifying  mixture  No.  1. 

N/ 50  HC1. 

Fixative.  Vaseline,  or  liquid  paraffin  or  the  soluble  tragacanth  mixture 
described  on  page  204. 

Yeast  suspension  1/20.  10  g.  of  yeast  are  made  into  a  suspension  with 

200  ml.  of  0-5%  KH2P04,  in  tap  water.  The  mixture  is  allowed  to 
stand  on  the  bench  overnight  and  then  placed  in  the  refrigerator.  (If 
required  the  same  day,  it  may  be  allowed  to  rest  on  the  bench  for 
4  hrs.) 

Notes  on  the  Method. 

(1)  The  results  from  the  above  method  were  compared  with  the 
West  and  Petersen  (1932)  modification  of  the  Shaffer  and  Somogyi 
method.  The  following  gives  a  comparison  of  the  methods  for  5 
normal  fasting  urines. 


(1) 

M  icrodiffusion 
method  mg.  % 

1-6 

West  and  Petersen 
method  mg.  % 

00 

(2) 

00 

00 

(3) 

2-2 

55 

(4) 

22-3 

24-3 

(5) 

0-0 

0-0 

(2)  With  the  use  of  rapidly  fermented  urine  to  obtain  the  blank 
value  in  the  above  microdiffusion  method,  as  well  as  exact  re¬ 
coveries  of  added  glucose,  the  method  would  appear  to  give  a 
true  measure  of  fermentable  sugar  in  urine. 

(3)  Re\  iews  of  early  work  on  such  determinations  are  given  by 
Benedict,  Osterberg  and  Neuwirth  (1918)  ;  Folin  and  Berglund 
(1922)  and  Greenwald  Gross  and  Samet  (1924)  ;  more  recently 
by  Harding  and  Selby  (1931). 
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CHAPTER  XXVIII 


DETERMINATION  OF  CARBONIC  ANHYDRASE 

Methods  previously  used  for  carbonic  anhydrase  determination 
include  the  manometric  method  of  Meldrum  and  Roughton  (1933) 
and  the  colorimetric  method  originally  due  to  Brinkman  (1933)  and 
since  modified  by  Philpot  and  Philpot  (1936)  and  again  by  Keilin 
and  Mann  (1940).  The  microdiffusion  procedure  can  be  readily 
adapted  for  convenient  measurements  of  the  enzyme  (Conway 
and  O’Rourke,  1945). 

In  applying  the  principle  0-4  ml.  of  a  mixture  of  the  enzyme 
with  the  standard  bicarbonate  is  exposed  in  the  outer  chamber  of 
a  No.  2  microdiffusion  ‘  unit  ’  for  one  minute,  the  ‘  unit  ’  being 
rocked  on  the  apparatus  shown  in  Figs.  6  or  7.  The  remaining 
carbon  dioxide  is  then  determined. 

The  increase  in  rate  of  emission  of  the  C02  from  the  outer 
chamber  goes  in  linear  relation  with  the  enzyme  concentration 
up  to  a  certain  emission  rate. 

Procedure  for  blood.  0-2  ml.  of  the  buffer  solution  containing 
1  in  4  of  the  enzyme  solution,  suitably  diluted  (1  in  500  or  1000)  for 
blood,  is  run  into  the  outer  chamber  of  a  I\o.  2  unit  and  spread 
in  a  layer  over  the  floor  of  the  chamber.  Then  at  a  definite  time 
best  taken  writh  a  stop  watch — 0*2  ml.  of  the  bicarbonate  is  added 
to  the  buffer  and  the  solutions  well  mixed  for  15  seconds  and  placed 
on  the  rocking  platform.  Five  seconds  from  the  end  of  the 
exposure  time  the  ‘  unit  ’  is  removed  and  0-2  ml.  of  the  barium 
hydroxide  solution  is  then  run  into  the  central  chamber  so  that 
the  end  of  the  addition  coincides  as  exactly  as  possible  with  the 
lapse  of  1  minute  from  the  beginning  of  the  addition  of  the  bi¬ 
carbonate,  and  the  ‘  unit  ’  immediately  closed,  giving  in  all  one 
minute  exposure  of  the  bicarbonate/buffer  mixture.  Subse¬ 
quently,  excess  acid  (0-2  ml.  of  N  H2S04)  is  added  to  the  outer 
chamber  and  the  ‘  unit  ’  left  aside  for  1  hour  before  titration. 

This  is  carried  out  with  N/50  HC1  from  the  Conway  burette. 
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A  companion  estimate  is  carried  out  with  water  used  instead  of 
the  enzyme  solution.  For  a  single  determination  of  carbonic 
anhydrase  triplicate  series  should  be  set  up. 

Calculation.  If  E  is  the  titration  figure  (in  large  divisions)  for 
the  ‘  unit  ’  with  enzyme  and  B  that  for  ‘  unit  ’  with  water,  ( E  -  B) 
represents  the  increased  C02  emission  due  to  the  enzyme  in  the 
one  minute  exposure.  The  calculation  for  Roughton-Meldrum 
enzyme  *  units  ’  is  : 

(E  -  B)  x  97  .  .  .  (where  the  blood  is  diluted  1000  times). 

The  calculation  applies  for  17-5°  C.  An  exact  correction  for  other 
temperatures  has  not  j^et  been  worked  out,  but  a  reduction  of 
10%  per  rise  of  one  degree  may  be  provisionally  allowed. 

Solutions. 

Buffer  solution.  Na2HP04  solution  (M/4)  3-55%. 

KH2P04  solution  (M/4)  3-40%. 

These  are  mixed  in  equal  volumes. 

Buffer -enzyme  solution.  3  parts  of  the  buffer  solution  plus  one  part  of 
the  enzyme  solution. 

For  blood,  this  enzyme  solution  should  be  1  in  500  or  1  in  1000. 
Bicarbonate  solution.  0-40  g.  NaHC03  is  made  up  with  0-5  ml.  N  NaOH 
to  100  ml. 

Ba(OH)2  solution.  Nj  10  containing  indicator  (vide  p  192) 

N 1 50  HC1. 

Njl  H2S04. 


Notes  on  the  method. 

Other  fluids  and  tissues.  Besides  blood,  other  biological  fluids 
anc  tissues  maybe  used,  the  tissues  being  brought  into  suspension 

ne'ed8": °f  ‘  *  50  no  attention 

need  paid  to  the  carbon  dioxide  already  present  in  the  tis- 

diiution  ievei  th°  -p—  m:; 
atmosphere. ^ ^  ^  C°*  all°Wed  to  -to  the 

Limit  of  enzyme  concentration.  If  the  number  of  burette  divi 

:~:t:trg  is  above 
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fact  that  only  below  a  certain  level  of  enzyme  concentrations  is  the 
relation  to  C02  emission  a  linear  one. 


Fig.  52.  Increased  losses  of  C02  with  increasing  concentration  of  car 
bonic  anhydrase  as  described  in  text. 


‘  Units  ’  of  enzyme  concentration.  Meldrum  and  Roughton 
(1933)  defined  the  ‘  unit  ’  of  enzyme  concentration  as  that  which 
when  present  in  4  ml.  at  pH  of  6-8  gave  a  {R-B0)/B 0  of  1-0  at  a 
temperature  of  15  degrees.  Here  R  and  R%  are  the  rates  of  CO, 
emission  with  and  without  enzyme.  Applying  this  to  the  above 
method,  the  results  in  Table  XIV  have  been  obtained  with  the 
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blood  of  different  animals.  The  results  are  compared  with  those 
in  Roughton’s  table. 


Table  XIV.  (Carbonic  anhydrase  in  blood.) 


Blood. 

Enzyme  concentration 
( Meldrum -  Roughton 
‘  units  ’). 

Meldrum  and  Roughton' s 
figures. 

Human 

- 

552  (3) 
(500-590) 

550  (8) 
(370-680) 

Rat  - 

“ 

1260  (2) 

(790 ;  1720) 

1350  (1) 

Ox  - 

“ 

700  (1) 

1100  (6) 
(600-1800) 

Rabbit 

' 

820  (1) 

1210  (2) 

(710;  1720) 

The  bracketed  single  figures  after  the  means  give  the  number  of  observa¬ 
tions.  The  range  is  given  below  the  means. 


CHAPTER  XXIX 


OXIDATION  RATES  OF  ORGANIC  SUBSTANCES 
WITH  A  STANDARD  OXIDANT 


The  following  account  of  rates  of  oxidation  of  various  organic 
substances  of  biochemical  significance  by  a  standard  oxidant  may 
be  of  use  in  various  ways,  such  as  the  estimation  of  such  material 
under  certain  conditions  or  the  investigation  of  stages  in  the  path  of 
oxidation  of  particular  kinds.  If,  for  example,  an  oxidant  mixture 
oxidises  an  organic  substance  producing  carbon  dioxide,  it  is 
reasonable  to  suppose  that  a  substance  in  the  main  path  of  this 
oxidation  will  not  be  oxidised  at  a  lesser  rate  than  the  original 
substance. 

In  the  experiments  as  originally  carried  out  (Conway  and 
McVerry,  1937)  the  standard  ‘  units  ’  (No.  1)  were  used,  but  the 
procedure  could  be  easily  modified  to  suit  the  No.  2  or  No.  2a 
‘  units  ’.  The  oxidant  mixture  mostly  used  was  one  made  up  as 
follows  :  One  volume  of  ilf/20  KMn04,  with  one  volume  of 
M/ 20  KH2P04  and  0-1  volume  of  8%  MnS04.  Where  a  stronger 
oxidant  was  required  the  M/20  KH2P04  was  changed  for 
2 N  H2S04  or  4 N  H2S04.  The  mixture  so  made  up  is  muddy  but 
easily  pipetted,  and  should  be  freshly  prepared  before  using. 

The  mechanism  of  the  ordinary  permanganate  oxidation  as 
investigated  by  Skrabal  (1904)  consists  in  the  formation  of 
manganous  ions,  then  the  oxidation  of  these  to  manganic  ions, 
which  carry  out  the  rapid  stage  of  the  oxidative  breakdown  of  the 
organic  substance.  The  presence  of  excess  manganous  ions  in  the 
mixture  described  above  assists  in  abridging  the  first  stage. 

Factors  determining  oxidation  rates.  These  are  in  a  general 


way  as  follows  : 

(1)  Redox  potentials  of  the  systems  involved. 

(2)  Internal  molecular  stability. 

If  for  simplicity,  we  are  dealing  with  reversible  systems  then  the 

oxidation  of  one  by  the  other  (by  which  is  meant  the  change  of 
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reductant  in  the  first  system  to  its  oxidant  form),  is  determined  by 
the  fact  that  its  redox  potential  must  be  less.  This  states  in  other 
words  that  a  necessary  condition  of  the  oxidation  is  a  transfer  of 
free  energy  from  the  system  oxidised.  When  a  reversible  system  is 
oxidised  its  free  energy  is  decreased.  In  the  case  of  an  organic  sub¬ 
stance  the  oxidant  stage  may  be  very  unstable  and  break  down 
to  smaller  molecules  with  a  lesser  total  of  free  energy,  heat  being 
liberated  in  the  process,  which  is  in  effect  irreversible. 

For  the  simplest  reversible  systems  and  where  the  ‘  oxidising  ’ 
mixture  is  in  large  excess  a  difference  of  approximately  60  milli¬ 
volts  ensures  a  99%  oxidation  of  the  ‘  oxidised  ’  system,  and  a 
difference  of  120  millivolts  99-9%  ‘oxidation’.  With  about 
100  millivolts  or  more  difference  the  substance  with  the  lesser 
potential  may  be  said  to  be  fully  oxidised. 

The  question  arises,  is  the  rate  of  the  oxidation  influenced  by  a 
difference  of  200,  300,  or  more  millivolts  ?  In  general  this  would 
appear  true  using  the  same  redox  system  throughout  as  the 
oxidiser  ,  and  the  potential  changed  by  acidification,  but  no 
definite  theoretical  relation  can  be  stated.  The  greatest  dis¬ 
crepancies  in  rates  occur  using  different  systems,  or  in  other  words 
a  constant  definite  potential  difference  between  the  oxidising  and 
oxidised  systems  does  not  imply  anything  like  a  constant  rate  of 
oxidation.  Thus  the  standard  oxidant  mixture  described  above 
has  a  potential  of  M2  volts  and  a  cerium  mixture  consisting  of 
25  c.c.  of  20%  cerium  sulphate  diluted  to  100  c.c.  by  N  H„S041ias 
a  potential  of  1-48  (against  the  normal  hydrogen  electrode),  but 
the  standard  oxidation  mixture  oxidises  a  number  of  organic  sub¬ 
stances  at  a  far  greater  rate,  such,  for  example,  as  glycerol,  glucose, 
glyceric  aldehyde.  The  reason  for  such  differences  may  be 
sought  m  a  consideration  of  the  second  factor— the  internal 
molecular  stability.  Such  stability  may  be  lessened  considerably 

j:rr;  t  le  °XldlSing  system  ™»y  function  in  this  way 
a  well  as  by  being  a  purely  redox  system,  with  a  higher  potential 

Ihe  catalyst  by  combining  with  the  organic  substance  lessens 
the  internal  stability  and  the  nroduct 

oxidised.  Product  becomes  more  readily 

ra^stkeitth"8  ?eS°rlbed’ the  measure  of  the  oxidation 
taken  as  the  production  of  CO,  It  may  be  recalled  that 


in 
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biological  oxidation  the  liberation  of  C02  is  not  regarded  as  in 
itself  an  oxidative  stage,  but  is  produced  by  carboxylases  or  allied 
enzymes  with  little  or  no  change  in  the  free  energy  of  the  organic 
substance.  Yet  the  stages  that  lead  to  the  production  of  terminal 
-COOH  groups  are  oxidative  stages,  and  thus  the  C02  liberation 
appears  as  a  measure  of  the  total  oxidative  rate,  and  its  appear¬ 
ance  here  may  be  similarly  regarded.  The  method  used  in  the 

N 

oxidative  studies  was  as  follows  :  0-2  c.c.  of  —  solution  of  the 

4 


substance  for  investigation  is  introduced  into  the  outer  chamber  of 
the  ‘  unit  and  this  is  followed  by  the  rapid  introduction  of 


N 

I  ml.  —  (approx.)  KOH  from  a  Bang  burette  into  the  central 
20 


chamber,  and  the  ‘  unit  ’  is  immediately  made  airtight  by  means 
of  a  glass  lid  smeared  with  vaseline,  1-5  c.c.  of  the  standard  oxida¬ 
tion  mixture  is  quickly  introduced  into  the  outer  chamber,  the 
‘  unit  ’  again  sealed  and  rotated  several  times.  The  oxidant  is 
allowed  to  act  on  the  substance  for  a  fixed  length  of  time,  after 
which  period  the  oxidation  is  stopped  by  the  introduction  of 
0-75  ml.  FeS04  (saturated  in  2 N  H2S04)  into  the  outer  chamber. 
The  ‘  unit  ’  is  allowed  to  remain  for  at  least  an  hour,  so  that  all 
the  carbon  dioxide  evolved  may  be  driven  over,  and  absorbed  by 
the  KOH  in  the  central  chamber.  The  alkali  is  then  quickly 


titrated  with  —  HC1  using  thymolphthalein  indicator,  having 
40 

added  a  few  drops  of  saturated  barium  chloride.  Several  ‘  units  ’ 
are  used  in  the  manner  described,  allowing  the  period  of  action  of 
the  oxidising  agent  to  vary  in  each,  making  sure  that  it  acts 
sufficiently  long  in  some  ‘  units  ’  to  establish  an  accurate  end¬ 
point.  With  the  aid  of  blank  estimations,  the  results  of  the  titra¬ 
tions  will  show  the  percentage  oxidation  for  each  particular  time, 
and  a  curve  can  be  thus  established  showing  the  rate  of  oxidation. 

For  purely  analytical  purposes  the  time  for  complete  or  prac- 
tically  complete  oxidation  is  no  doubt  the  most  serviceable  ;  but 
since  this  time  may  be  indefinite,  and  some  expression  of  the  rate 
of  oxidation  of  value  in  deciding  comparative  speeds,  the  ha  1- 
value  period  or  the  time  for  50%  oxidation  is  convenient  The 
relation  that  the  rate  of  CO,  formation  is  proportional  to 
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maining  fraction  of  the  substance  or  its  products  in  the  outer 

chamber  is  not  sufficiently  well  obeyed  to  render  it  serviceable  in 

the  form  1  (/  .  7 

-log  a /(a  -x)—  k. 


In  Table  XV  is  given  a  list  of  half  value  periods  for  a  number  of 
substances  with  the  standard  oxidant  and  also  with  mixtures  in¬ 
corporating  2 N  and  4X  H2S04. 

Table  XV 


l 


2 


3 


4 


Substance. 


Formula. 


Methyl  alcohol 
F  ormaldehyde 
Formic  acid 


H  .  CH2OH 
H  .  CHO 
H . COOH 


|  value 
period 
with 

standard 

oxidant 

(mins.). 


\  value 
period  with 
standard 
oxidant 
with  H2SO , 
(mins.). 


8000 

70 

012 


Ethyl  alcohol 
Acetaldehyde 
Acetic  acid  - 
Glycine 

Ethylene  glycol  - 
Glycollic  aldehyde 
Glyoxal 

Glyoxyllic  acid  - 
Oxalic  acid  - 


CH3  .  CH2OH 
CH3  .  CHO 
CH3  . COOH 
CH2NH2  .  COOH 
CH2OH  .  CH2OH 
CH2OH  .  CHO 
CHO . CHO 
CHO . COOH 
COOH  .  COOH 


No  C02 
No  C02 
No  C02 
No  C02 
240 
8 
7 
4 
1 


Alanine 
Glycerol 
Lactic  acid  - 
Glyceric  aldehyde 
Pyruvic  acid 


CH3  .  CHNH2  .  COOH 
CH2OH  .  CHOH  .  CH2OH 
CH3  .  CHOH  .  COOH 
CH2OH  .  CHOH  .  CHO 
CH3  .  CO  .  COOH 


No  C02 
285 
84 
13 
7 


Butyric  acid 
Succinic  acid 
Erythrol 
Malic  acid  - 
Tartaric  acid 
Maleic  acid  - 

Adonite 
Arabinose  - 

Mannitol 
Glucose 
Citric  acid  - 


CH3  .  ch2ch2cooh 

HOOC  .  CH2CH2COOH 
CH2OH .  CHOH  .  CHOH  .  CH2OH 
HOOC  .  CHOH  .  CH2  .  COOH 
HOOC  .  CHOH  .  CHOH  .  COOH 
HOOC  .  CH  :  CH  .  COOH 

CH2OH(CHOH)3CH2OH 

CH2OH(CHOH)3CHO 

CH  2OH(CHOH)  4ch  2oh 
CH2OH(CHOH)4CHO 
HOOC  .  CH2 .  C(OH)COOH 

ch2cooh 


No  C02 
No  C02 
276 
6 
4 

1-6 

720 

420 

1440 

720 

20 


1-2  (42V) 
20  (22V) 
0-08  (42V) 


50 (22V) 
60  (22V) 
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1'  rom  the  following  table  the  conclusions  with  reference  to  the 
standard  oxidant  may  be  drawn  : 

( 1 )  If  a  C  atom  is  associated  with  three  hydrogen  atoms,  it  has  a 
high  stability  to  oxidation  and  no  C02  is  formed  from  this  carbon 
atom  or  from  an  associated  —  COOH  group. 

The  same  holds  if  one  of  these  H  groups  is  substituted  by  NH„ 
or  by  a  CH2 .  COOH  group. 

(2)  For  an  organic  substance  to  be  completely  oxidisable  to 
CO  2  at  an  appreciable  rate  it  is  necessary  that  each  carbon  atom 
be  associated  with  one  oxygen  or  OH  group. 

(3)  Terminal  -CH2OH  groups  as  evidenced,  say,  by  ethylene 
glycol  require  about  4  hours  for  the  \  value  period  change  of  even 
one  —  CH,OH  to  —  CHO,  and  this  is  likewise  apparent  from 
glycerol,  erythrol  and  adonite  studies,  when  allowance  is  made  for 
the  rate  of  oxidation  of  the  corresponding  aldehyde.  With  in¬ 
creasing  number  of  carbon  atoms  (CHOH  groups  between  the 
terminal  radicles)  the  increasing  size  of  the  molecule  would  need 
to  be  allowed  for  and  the  allowance  may  be  made  by  dividing  the 
\  value  period  by  the  number  of  carbon  atoms.  Using  this  division 
two  terminal  -  CH2OH  groups  cause  a  delay  of  1  to  2  hours  in  the 
\  value  period  per  carbon  atom.  Two  aldehyde  groups  would  re¬ 
quire  only  a  few  minutes  to  reach  their  next  stage,  and  a  similar 
order  of  time  would  naturally  apply  to  one  -CHO  to  reach  its 
COOH  stage  of  oxidation. 

(4)  When  the  H  ion  of  the  mixture  is  increased,  thereby  increas¬ 
ing  the  oxidation-reduction  potential,  the  rate  of  oxidation 
markedly  increases.  There  are  some  exceptions,  notably,  formic 
acid  and  glyceric  aldehyde.  With  formic  acid  it  would  appear  that 
the  un-ionised  compound  is  much  more  slowly  attacked  than  the 
formate  ion.  Figs.  53  A  and  B  show  the  £  value  curves  for  formate 
and  oxalate  at  different  pH  levels,  using  phosphate  and  arsenate 
buffering.  Fig.  53  C  and  D  show  rates  of  oxidation  of  glycollic 
aldehyde  and  glyceric  aldehyde  with  the  standard  oxidant  and 
arabinose  and  glucose  with  the  2N  H2S04  mixture. 

A  study  of  such  oxidation  rates  may  be  of  analytical  service  in  a 

variety  of  conditions. 

The  mechanism  of  the  above  oxidation  processes.  In  the  oxida¬ 
tion  processes  as  above  considered,  there  is  a  conversion  of 
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-CH2OH  to  -CHO  and  to  -COOH  groups,  and  of  -CHOH  - 
to  -CO  - ,  besides  which  C02  is  split  off  from  -CO.  COOH. 
This  latter  may  be  considered  as  a  non-oxidative  process  akin 
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Fig.  53.  Oxidation  rates  (as  measured  by  C02  formation)  of  certain 
organic  substances  with  a  standard  permanganate  oxidant. 

A.  — Formic  acid  (as  the  sodium  salt). 

B.  — Oxalic  acid  (as  the  sodium  salt). 

C.  — Glycollic  aldehyde  and  glyceric  aldehyde. 

D—  Arabinose  and  glucose  (using  the  oxidant  with  2NH2S04). 


to  the  action  of  carboxylase.  The  oxidation  of  the  alcohol  and 
aldehyde  groups  on  the  other  hand  may  be  interpreted  as  a 
hydrogen  transfer  regarded,  primarily  at  least,  as  an  electron 
transfer  (with  release  of  hydrogen  ion)  to  the  manganic  system, 
and  in  this  way  resembling  biological  oxidations. 
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GROUP  DEPENDING  ON  THE  BISULPHITE  REACTION 

ACETONE,  ACETALDEHYDE,  LACTIC  ACID  AND  THRE¬ 
ONINE  (INCLUDING  A  RAPID  CLINICAL  ACETONE 
METHOD  USING  THE  NESSLER  SOLUTION) 

The  quantitative  microdiffusion  methods  for  this  group  have  been 
developed  by  Winnick.  Acetaldehyde  is  of  special  biological 
significance,  since  the  determination  of  lactic  acid  may  be  made  by 
oxidation  to  acetaldehyde  with  absorption  in  bisulphite.  A  micro¬ 
diffusion  method  for  acetone  suggested  by  Fearon  has  been  de¬ 
scribed  by  Werch  in  which  the  acetone  diffuses  from  the  outer 
chamber  into  Nessler’s  reagent  in  the  central  chamber  as  described 
in  a  qualitative  acetone  test  by  Fearon  and  Webb  (1936).  Subse¬ 
quently  Werch  (1940)  applied  this  quantitatively.  The  procedure 
consisted  in  timing  the  first  appearance  of  a  precipitate  at  a  given 
temperature.  The  method  developed  by  Winnick  turning  on  the 
bisulphite  reaction  would,  however,  appear  much  more  suitable 
for  exact  quantitative  work,  though  Werch ’s  procedure  as  a 
clinical  method  is  very  rapid  and  simple  and  is  included  here 
after  Winnick ’s  method. 

Acetone. 

Winnick’s  method  for  acetone  in  blood  or  urine.  In  this  the 
acetone  in  the  blood  (acidified)  or  urine  diffuses  into  sodium  bi¬ 
sulphite  in  the  central  chamber.  Klein  (1940)  has  shown  that  the 
bisulphite  reaction  can  be  used  for  the  quantitative  determination 
of  acetone  plus  acetoacetic  acid  in  blood  filtrates  free  of  sugar. 
The  dissociation  of  the  carbonylbisulphite  compounds  is  repressed 
by  using  a  large  excess  of  NaHSOa  and  lowering  the  temperature 
to  5°  C.  After  the  addition  reaction  is  complete,  the  excess  of 
bisulphite  is  removed  by  concentrated  iodine  solution,  and  the 
solution  is  made  alkaline  with  Na2HP04,  thereby  dissociating  the 
carbonyl-bisulphite  compounds.  The  bisulphite  thus  liberated  is 
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then  titrated  with  standard  0-005N  iodine  solution.  In  Klein’s 
method  with  blood  filtrates  most  of  the  pyruvic  acid  present  in  the 
blood  is  also  determined  as  well  as  acetoacetic  acid.  With  the 
microdiffusion  procedure  there  is  a  high  degree  of  specificity  for 

cicct  0110  • 

Procedure.  Blood  samples  are  collected  in  tubes  which  contain 
oxalate  or  citrate  and  are  tightly  fitted  with  rubber  stoppers. 
The  blood  (or  urine)  can  stand  for  a  number  of  hours  in  the  ice 
box  without  appreciable  change  in  the  acetone  concentration. 

Into  the  central  chamber  of  ‘  unit  ’  No.  1  is  run  roughly  2  ml.  of 
approximately  0-1 5M  NaHS03,  and  when  blood  is  being  deter¬ 
mined  about  0-5  ml.  of  2 N  H2S04  into  the  outer  chamber  (this  is 
omitted  with  urine).  The  lid  is  suitably  greased  (\\  innick  uses 
stop-cock  lubricant)  and  placed  in  position,  and  1  or  2  ml.  sample 
of  the  blood  or  urine  is  then  quickly  introduced  into  the  outer 
chamber,  the  lid  being  displaced  a  little  to  allow  the  insertion  of  the 
pipette.  After  delivery  the  lid  is  immediately  replaced  in  position. 
If  blood  is  being  analysed  the  ‘  unit  ’  is  rotated  at  once  to  mix  the 
blood  and  the  acid. 

After  six  hours  or  more  at  room  temperature  (which  Winnick 
mentions  as  being  25°  for  his  analyses)  the  ‘  unit  ’  is  cooled  for  at 
least  30  minutes  in  a  shallow  dish  of  water  containing  ice  cubes. 
The  lid  is  removed  and  a  small  drop  of  starch  solution  is  added  to 
the  NaHS03  solution  in  the  central  chamber.  Using  a  fine  glass 
stirring  rod,  the  large  excess  of  NaHS03  is  removed  with 
UV  iodine  solution  added  very  slowly,  dropwise  from  a  burette. 
Nearing  the  end-point,  small  fractions  of  drops  of  iodine  are  trans¬ 
ferred  from  the  burette  tip  to  the  solution  with  the  tip  of  the 
stirring  rod. 

When  a  permanent  light  purple  colour  is  reached,  the  *  unit  ’  is 
removed  from  the  ice  bath  and  warmed  to  room  temperature. 
Then  about  0*3  to  0-4  g.  of  powdered  Na2HP04  is  added  to  the  cen¬ 
tral  solution,  and  the  latter  is  stirred  well.  The  NaHS03  which 
is  liberated  from  combination  with  the  acetone  is  titrated  with 
standard  0-005A  iodine  solution  to  the  same  end-point  as  before. 

Calculation.  1  ml.  of  0-005A7  iodine  is  equivalent  to  0-145  mg. 
acetone,  so  that  the  mg.  of  acetone  per  100  ml.  of  blood  or  urine 
can  be  calculated  directly. 
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Notes  on  the  method. 

(1)  2  ml.  Bang  burettes  would  appear  suitable  for  the  above 
titrations,  but  the  use  of  the  horizontal  burette  previously  de¬ 
scribed,  at  least  for  the  final  titration,  using  N/20  or  N/ 40  iodine, 
v  ould  appear  very  suitable.  Each  large  division  of  N/20  iodine 
is  the  equivalent  of  0-0145  mg.  acetone. 

(2)  To  hasten  the  microdiffusion,  and  as  pointed  out  by  Win- 
nick,  the  ‘  units  ’  may  be  incubated  at  40-50°,  the  time  required 
for  complete  diffusion  being  then  reduced  to  about  3  hrs.  A 
fixative  of  higher  melting  point  such  as  2  parts  vaseline  to  1  part 
paraffin  wax  may  then  be  used. 

(3)  The  microdiffusion  may  also  be  hastened  by  keeping  the 
volume  in  the  outer  chamber  as  low  as  possible  consonant  with 
the  complete  covering  of  the  surface.  Thus  where  the  ‘  units  ’  are 
well  cleaned,  and  the  outer  chambers  rinsed  before  drying  with  a 
little  saponin  solution,  1  ml.  will  be  found  quite  sufficient  to  cover 
the  surface.  With  blood  0-5  ml.  may  be  used  with  the  0-5  ml. 
acid  and  1  ml.  of  urine  without  acid.  (The  NaHS03  in  the  central 
chamber  could  also  be  reduced  to  1  ml.)  Such  a  procedure  may 
be  expected  to  reduce  the  time  to  3-4  hours  at  25°  C. 

(4)  According  to  Winnick  the  method  is  accurate  to  2-3%  for 
acetone  levels  of  10  to  30  mg./ 100  ml. 

Solutions,  etc. 

2N  H2S04. 

0-1 5M  NaHS03. 

IN  iodine. 

0-005N  (with  Bang  burette)  or  N/20  or  2V/40  with  Conway  burette. 

Powdered  Na2HP04. 

1  %  starch  solution. 

A  rapid  clinical  method  for  determining  acetone  in  blood  and 
urine.  (Werch’s  procedure.)  This  depends  on  the  formation  of  a 
white  precipitate  with  Nessler’s  reagent  (Deniges,  1 930  ;  Fearon 
and  Webb,  1936).  The  procedure  is  as  follows  : 

The  ‘  units  ’  with  their  covers  are  placed  on  a  table  spread  with 
black  paper  (a  dark  background  helps  in  the  reading  of  the  end¬ 
point),  and  the  edges  of  the  outer  wall  smeared  with  vaseline. 
The  reagents  are  then  introduced.  First,  2  c.c.  of  Nessler  s  solution 
are  run  into  the  central  chamber,  and  1  c.c.  of  dilute  acid  into  the 
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outer  chamber,  being  distributed  evenly  around.  A  transparent 
glass  lid  is  next  placed  so  as  to  cover  the  entire  ‘  unit  ’  except  for  a 
small  slit,  permitting  the  introduction  of  the  end  of  the  pipette 
used  to  run  in  the  unknown  solution.  A  stop  watch  held  in  one 
hand,  and  a  pipette  containing  3  c.c.  of  the  unknown  in  the  other,  is 
started  as  soon  as  the  pipette  stops  flowing  freely.  The  hand  hold¬ 
ing  the  stop  watch  next  slides  the  glass  plate  so  that  it  completely 
covers  the  ‘  unit  ’  as  an  immediate  gesture  after  starting  the 
watch.  When  acetone  is  present  precipitation  of  the  Nessler’s 
solution  occurs  at  the  periphery  of  the  inner  chamber  in  the  form 
of  threads,  like  spokes  of  a  wheel,  or  as  a  cloud.  It  is  that  second 
when  the  spokes  or  cloud  extend  inward  1  mm.  that  is  taken  as  the 
end-point. 

Calculation.  The  rate  of  formation  of  the  precipitate  depends 
on  the  concentration  of  acetone  present  and  on  the  temperature. 
The  relations  are  expressed  by  Werch  as 


D  = 


179  C 
(24^0)2 


♦ 


where  t  is  the  time  in  seconds  and  6  the  temperature  in  degrees  C  . 
while  D  is  the  dilution.  For  convenience  in  determining  D, 
Werch  has  constructed  the  nomograph  given  in  Fig.  54. 

Notes  on  the  method.  (1)  It  is  clear  that  compared  with 
\\  innick  s  bisulphite  procedure  this  will  give  only  verv  aj^proxi- 


mate  results,  which,  none  the  less,  may  be  of  clinical  value.  They 
are  very  easily  and  rapidly  obtained. 

(w)  The  temperature  effect  is  considerable,  and  for  this  reason 
and  as  will  appear  from  the  equation,  determinations  made  above 
20  C.  are  not  reliable.  It  seems  to  the  present  writer  that  the 


temperature  effect  could  perhaps  in  general  be  better  allowed  for 
and  direct  calculation  simplified  (apart  from  the  nomograph) 
by  carrying  out  duplicate  determinations  of  the  t  value  on  a 
standard  1  in  10,000  solution  of  acetone  at  the  same  time  as  that 

of  the  unknown.  The  acetone  in  the  latter,  as  milligrammes  per 
cent.,  is  then  given  by  10  where  R  is  the  %  value  of  the 

standard  divided  by  that  for  the  unknown.  At  the  same  time 

\\  erch  s  procedure  (using  the  nomograph)  has  the  merit  of  being 
the  simplest  in  practice. 
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(3)  With  normal  blood  and  urine,  precipitation  of  the  Nessler 
solution  occurs  only  after  several  hours  and  in  a  very  thin  film 
VY  henever  acetone  is  present  reasonable  time  readings  are  obtained. 
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Fig.  54.  Nomographic  Chart  for  use  in  the  determination  of  acetone 
by  Werch’s  method.  (From  the  Jour,  of  Lab.  and  Clin.  Medicine,  25, 
p.  414,  1940.) 

In  a  number  of  cases  of  diabetes  meliitus,  with  clinical  evidence  of 
deep  acidosis,  the  t  values  for  blood  samples,  as  examined  by 
Werch  (at  16°  C.),  were  around  one  minute.  This  corresponds  to  a 
dilution  of  1  :  10,000. 
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Lactic  acid  (modified  Winnick  method).  This  method  is  based 
on  that  of  Gordon  and  Quastel  (1939),  who  found  that  lactic 
acid  is  oxidised  quantitatively  to  acetaldehyde  by  ceiic  sulphate 
in  acid  solution  at  50°  C.  These  investigators  employed  a  current 
of  nitrogen  gas  to  carry  the  acetaldehyde  into  bisulphite  solution, 
where  the  bound  aldehyde  was  determined  iodometrically,  as  in 
the  method  of  Freidemann,  Cotonio,  and  Shaffer  (1927). 

Winnick  lists  the  following  differences  of  his  method  from  the 
above  : 

(1)  Single  lactic  acid  determinations  are  performed  on  1  ml. 
blood  samples  or  on  approximately  0-5  g.  of  tissue. 

(2)  Zinc  hydroxide  is  used  instead  of  trichloroacetic  acid  to  pre¬ 
cipitate  blood  proteins.  The  recoveries  are  low  by  5  to  10  per  cent, 
if  either  trichloroacetic  or  tungstic  acid  is  used. 

(3)  Blood  filtrates  are  freed  of  sugar  by  treatment  with  cupric 
hydroxide  prior  to  analysis  (McCready,  Mitchell,  and  Kirk,  1939). 

(4)  Determinations  are  usually  conducted  at  room  temperature 
instead  of  at  50°. 

(5)  The  acetaldehyde  which  results  from  the  oxidation  of  lactic 
acid  is  determined  by  a  microdiffusion  procedure,  using  the 
bisulphite  reaction  as  described  for  acetone. 

In  using  the  Winnick  method  we  have  found  the  determinations 
of  standard  solutions  and  recoveries  too  low  for  accurate  deter¬ 
minations  and  such  may  apparently  arise  from  the  quality  of  the 
ceric  sulphate  used.  We  were  led  therefore  to  modify  the  oxida¬ 
tion  and  microdiffusion  procedure  somewhat,  and  in  a  manner 
which  gave  accurate  recoveries,  independent  of  whatever  sub¬ 
stance  in  the  ceric  sulphate  was  affecting  the  previous  results. 
This  modified  method  is  here  described. 

Procedure.  (Conway  and  McCarvill,  1949) 


Collection  of  blood  and  preparation  of  blood  filtrates.  Speci¬ 
mens  which  are  collected  in  oxalated  tubes  must  be  treated  with 
protein  and  sugar  precipitating  reagents  within  10  tn  is  m inn  f  no 


For  single  determinations,  1  ml.  samples  of  whole  blood 


or  plasma 
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are  added  to  2  ml.  of  zinc  sulphate  solution  (18  g.  of  ZnS04,  7H„0 
per  litre  of  N/ 6  sulphuric  acid),  and  then  1  ml.  of  approximately 
N /S  NaOH  is  added.  The  latter  solution  is  adjusted  so  that  1  ml. 
just  neutralises  2  ml.  of  the  acidified  zinc  sulphate  solution.  After 
thorough  mixing,  1  ml.  portions  of  10%  cupric  sulphate  solution 
and  5%  calcium  hydroxide  suspension  are  added.  The  mixture  is 
stirred  well  and  centrifuged.  The  clear,  supernatant  solution  is 
used  for  the  analysis. 

Preparation  of  Tissue  Extracts.  The  tissue  to  be  analysed  is 
frozen  in  situ  in  liquid  air,  excised,  and  pulverised  in  a  chilled 
crusher,  as  described  by  Stone  (1938).  The  reagents  in  the  pre¬ 
ceding  section  for  blood  are  employed  in  making  tissue  extracts. 
About  0-5  to  0-6  g.  of  the  chilled,  powdered  tissue  is  added  to  a 
stoppered,  tared  flask  containing  2  ml.  of  acidified  zinc  sulphate 
solution.  The  flask  is  restoppered,  agitated  well,  and  weighed 
again.  Then  1  ml.  portions  of  sodium  hydroxide,  cupric  sulphate, 
and  calcium  hydroxide  are  added,  as  in  the  case  of  blood.  The 
mixture  is  centrifuged,  and  a  sample  of  the  supernatant  solution 
analysed. 

Urine.  Urine  which  contains  neither  protein  nor  sugar  is 
analysed  without  preliminary  treatment.  If  these  substances  are 
present,  they  are  removed  in  the  manner  described  for  blood. 

Oxidation  and  Microdiffusion  Procedure.  Three  volumes  of 
the  fluid  for  analysis  and  one  volume  of  acid  ceric  sulphate 
(described  below)  are  transferred  to  a  small  stoppered  tube  and 
immersed  in  a  water  bath  at  37°  C.  for  30  minutes.  Aftei  this  1 
or  2  ml.  volumes  depending  on  the  concentration  expected  aie 
pipetted  into  the  outer  chambers  of  the  prepared  ‘  unit  ’.  Such 
£  units  ’  contain  1  ml.  of  0-05  M  sodium  bisulphite  in  the  central 
chamber,  with  lid  smeared  with  fixative  in  position.  After  90-120 
minutes  at  room  temperature  0-8  ml.  is  removed  from  the  central 
chamber  by  a  simple  tube  pipette  marked  at  the  0-8  ml.  volume, 
and  introduced  into  a  small  tube  (of  a  few  ml.  capacity).  The 
excess  bisulphite  is  titrated  with  A^/iodine  from  a  Conway  burette, 
(or  with  N/10  iodine  from  a  2  ml.  Bang  burette)  using  a  drop  of 
starch  indicator.  With  the  appearance  of  a  blue  colour,  the  end 
point  is  somewhat  overshot.  Using  a  fine  tipped  glass  rod  with 
point  dipped  into  0*05  M  thiosulphate  the  blue  colour  is  carefully 
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discharged,  and  now  the  end  point  is  accurately  arrived  at  using 
jV /200  iodine  from  a  Conway  burette.  About  0-2  g.  di-sodium 
phosphate  is  then  added — the  amount  need  be  only  roughly  judged 
without  weighing  each  time,  and  the  tube  dipped  for  about  30 
seconds  into  boiling  water.  The  liberated  bisulphite  is  now  titrated 
with  Nf 200  iodine  from  a  Conway  burette.  If  the  original  tissue 
was  expected  to  contain  over  60  mg.  per  cent  of  lactic  acid,  N/5 0 
iodine  is  convenient  to  use. 

Calculation.  With  blood,  each  ml.  of  the  ceric  sulphate  mixture 
introduced  into  the  outer  chambers  of  the  units  represents 
1  x  (1/6)  x  (3/4)  ml.  blood,  and  so  the  0-8  ml.  removed  from  the 
central  chambers  corresponds  to  TO  x  (1/6)  x  (3/4)  x  0-8  =  0*1  ml. 

Using  Ar/200  iodine  each  large  division  on  the  burette  (=0-01 
ml.)  is  equivalent  to  0-00225  mg.  Hence  if  X  divisions  were  used — 

mg.  lactic  acid  per  100  ml.  blood  =  X  x  2-25 


and  if,  for  example,  7-2  divisions  were  obtained  the  milligrams  per 
100  ml.  examined  would  be  16-2.  After  severe  exercise  it  may 
exceed  100  mg.  %  If  with  frog  muscle  0-5  g.  were  taken,  the  dilution 
of  the  extract  is  1/(5  +  0-5  x  0-8)  or  1/5-4  the  tissue  being  assumed 
to  contain  80%  water.  Each  0-8  ml.  fluid  titrated  from  the  central 
chambers  would  then  correspond  to  0-0555  g.  tissue. 


Solutions. 


0-05  M  sodium  bisulphite.  Only  the  purest  material  should  be  used,  and 
the  solution  is  made  up  with  sufficient  exactness  by  dissolving  approxi¬ 
mately  0-5  g.  in  100  ml.  of  distilled  water.  It  should  be  freshly  made  up. 

2Ar  sulphuric  acid  saturated  with  ceric  sulphate.  This  is  also  made  up  with 
sufficient  exactness  by  diluting  54  ml.  of  concentrated  sulphuric  acid 
to  a  litre.  The  ceric  sulphate  is  freshly  prepared  before  using  by 
grinding  to  a  fine  powder  in  a  small  clean  mortar.  Sufficient  of  the 
2Ar  sulphuric  is  taken  in  a  test  tube  and  excess  of  the  powdered  ceric 
sulphate  added  and  well  shaken. 


Standard  iodine  sohdums.  Nt  10  iodine  is  made  by  dissolving  12  7  g 
iodine  and  1 8  g.  potassium  iodide  to  a  litre  witli  distilled  water.  NISO 
and  A7200  solutions  are  made  up  by  suitable  dilution 

7*“m  The  crystalline  form  is  powdered  in  a  mortar  and 

for  convenience  kept  in  a  wide-necked  stoppered  bottle. 

wltertdlo'  gf  °f  ?'Ub'e  StarCh  iS  >0  ">!•  of  boiling 

atei  and  00  ml.  of  a  saturated  solution  of  sodium  chloride  added  and 
nnxed,  then  stocked  in  the  usual  way  in  a  bottle  with  drop,*, 
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Notes  on  the  method. 

(1)  The  modified  method  has  been  shown  (Conway  and  McCar- 
vill,  1949)  to  give  with  different  ceric  sulphate  samples,  the  same 
results  as  that  obtained  with  the  method  of  Friedman  and  Graeser. 

(2)  Acetone  and  hydroxybutyric  acid  interfere  with  the  method 
when  present  in  large  amounts.  For  muscle  extracts  this  does  not 
apply. 

Threonine 

Winnick’s  microdiffusion  method  (1942b).  This  is  an  adapt¬ 
ation  of  Shinn  and  Nicolet’s  procedure  (1941)  whereby  this  amino 
acid  is  oxidised  to  acetaldehyde  at  room  temperature  by  neutral 
periodate  solution.  Martin  and  Synge  (1941)  obtained  only  70% 
of  the  maximum  theoretical  quantity  of  acetaldehyde  on  treat¬ 
ment  of  dl-threonine  with  neutral  periodate  solution,  using  a  com¬ 
plicated  apparatus.  Winnick  had  no  difficulty  in  confirming 
Shinn  and  Nicolet’s  finding  that  1  mole  acetaldehyde  results  from 
the  oxidation  of  1  mole  of  threonine. 

In  Winnick’s  procedure  a  sample  of  protein  hydrolysate  is 
treated  with  neutral  periodate  solution  in  the  outer  chamber  of  the 
standard  ‘  unit  ’  and  the  acetaldehyde  resulting  from  the  oxida¬ 
tion  of  threonine  passes  by  gaseous  diffusion  into  the  central 
chamber,  where  it  is  absorbed  by  bisulphite  solution.  Phosphate 
buffer  is  used  to  maintain  a  pH  of  7-0  in  the  outer  chamber. 


Procedure. 

(1)  Preliminary  protein  hydrolysis.  An  accurately  weighed 
protein  sample  (usually  about  0-5  g.)  is  hydrolysed  for  at  least 
24  hours  with  about  20  ml.  of  3 N  HC1.  The  hydrolysate  is 
neutralised  to  a  pH  of  approximately  7-0  with  3 N  sodium  hydrox- 
ide  If  HC1  more  concentrated  than  5  to  6A  has  been  used,  it  is 
preferable  to  concentrate  the  hydrolysate  first  in  vacuo  to  a  volume 
of  5  to  10  ml.  in  order  to  remove  most  of  this  acid.  The  neutral 
solution  is  made  up  with  water  to  a  suitable  volume  (100  to 
250  ml.)  and  analyses  are  performed  on  aliquots.  The  preceding 
operations  can  be  conducted  on  a  much  smaller  scale  if  the  supply 

Jil.  ktaipiii.  i.  pipeted  »«.  a.  «»"•'  a*"'1*-  »' 
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microdiffusion  ‘  unit  \  A  2  or  3  ml.  aliquot  of  the  solution  to  be 
analysed  is  pipetted  into  the  outer  chamber.  1  ml.  of  approximately 
0.1  M  tripotassium  phosphate  is  delivered  also  into  the  outer 
chamber.  This  solution  is  adjusted  so  that  1  ml.  w ill  just  neutralise 
1  ml.  of  0-2 M  periodic  acid  (to  be  added  next)  to  about  pH  7-0. 
The  greased  glass  cover-plate  is  placed  over  the  unit  ,  leaving  a 
narrow  opening.  Through  this  slit  1  ml.  of  0-2il/  periodic  acid 
is  pipetted  quickly  into  the  outer  chamber.  The  cover  is  slid  over 
immediately  to  seal  the  vessel  completely,  and  the  latter  is  rotated 
to  mix  the  solutions  in  the  outer  chamber. 

After  the  ‘  unit  ’  has  stood  for  at  least  4  to  5  hours  at  room 
temperature,  the  cover  is  removed  and  the  excess  bisulphite  is 
oxidised  with  liV  iodine.  Powdered  disodium  acid  phosphate  is 
added  to  dissociate  the  acetaldehyde-bisulphite  compound,  and 
the  liberated  bisulphite  is  titrated  with  standard  0  005./V  iodine. 
The  titration  procedures  are  described  in  detail  in  the  previous 
methods  for  acetone  and  lactic  acid . 

Calculation.  This  is  based  on  the  fact  that  1  ml.  of  0-005^ 
iodine  is  equivalent  to  0-298  mg.  of  threonine. 

Further  notes  on  the  method. 

(1)  As  shown  by  Winnick,  proline,  histidine,  cystine,  alanine, 
aspartic  acid,  isoleucine,  tryptophane  and  methionine  do  not 
interfere  with  the  method,  these  compounds  being  representative 
of  nearly  all  the  different  structural  types  of  amino  acids  found 
in  proteins. 

A  similar  observation  made  by  Martin  and  Synge  (1941)  showed 
that  no  significant  quantity  of  acetaldel^de  resulted  when  a 
mixture  of  14  different  amino  acids  (not  including  threonine)  was 
oxidised  with  periodate. 

(2)  Glucose  likewise  does  not  interfere. 

Solutions  required. 

3 N  HC1  and  3N  NaOH. 

Periodic  acid  solution.  Crystalline  periodic  acid  is  used,  a  0-2 M  solution 
in  w  ater  being  made  up.  It  is  not  feasible  to  prepare  a  neutral  peri¬ 
odate  reagent,  since  a  precipitate  results  if  the  periodic  acid  is  mixed 
directly  with  the  potassium  phosphate  solution. 


CHAPTER  XXXI 


acetic  and  other  volatile  fatty  acids 

Acetic  acid  and  the  lower  volatile  fatty  acids  being  volatile 
may  be  determined  by  microdiffusion  from  mixtures  where  they 
could  not  be  directly  determined  by  titration.  Owing,  however, 
to  the  very  small  tensions  they  produce  in  watery  solutions 
the  diffusion  process  is  very  slow  even  at  raised  temperatures. 
After  trying  several  reagents  which  might  be  expected  to  in¬ 
crease  the  tension  it  was  found  that,  among  these,  much  the 
greatest  effect  was  produced  by  powdered  anhydrous  sodium 
sulphate.  With  the  use  of  this  substance  the  tension  may  be 
increased  to  over  ten  times,  and  the  time  for  full  diffusion  reduced 
to  about  four  hours  even  at  room  temperature.  The  following 
procedure  has  been  worked  out  (Conway  and  Downey,  1950). 

2ml  .  of  sodium  citrate  solution,  the  strength  of  which  depends 
on  the  acetic  acid  strength  of  the  sample  for  analysis,  are  pipetted 
into  the  outer  chamber.  If  the  organic  acid  in  the  sample  is 
about  N/20  approximately  N/20  citrate  is  used  but  a  very  wide 
latitude  is  permissible. 

0-1,  0-2  or  0-5  vols.  of  the  mixture  are  then  pipetted  into  the 
central  chamber.  If  0-1  or  0-2  vols.  are  added  it  is  advisable  to 
cover  the  floor  of  central  chamber  with  a  piece  of  filter  paper,  cut 
if  necessary  to  ensure  its  fitting  snugly.  This  is  done  to  ensure 
full  spreading  of  the  sample.  The  0-5  ml.  sample  may  he  spread 
around  the  surface  without  filter  paper. 

The  solution  may  be  first  acidified  using  10  vols.  to  2  vols.  of 
10  per  cent  (by  volume)  of  sulphuric  acid  (or  as  described  for  the 
determination  of  acetic  acid  in  blood  it  may  be  added  after 
pipetting  into  the  unit). 

The  unit  is  then  exposed,  without  putting  on  lid,  for  15  minutes 
to  free  completely  from  carbon  dioxide  in  the  central  chamber. 
During  this  time  onlv  a  very  small  amount  of  acetic  or  other 
volatile  fatty  acid  escapes  (about  1-5%  if  01  ml.  is  used  and 
0-3%  if  0-5  ml.  is  used)  but  the  carbon  dioxide  is  fully  lost  beyon 
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the  small  equilibrium  value  with  the  atmosphere.  Alternatively, 
at  the  end  of  the  diffusion  period,  the  lids  of  the  units  are  removed 
and  the  fluid  left  exposed  for  about  20  minutes  when  C02  will 
have  diffused  away  from  the  outer  chamber  and  without  appreci¬ 
able  loss  of  volatile  fatty  acid. 

The  central  chamber  is  now  covered  quickly  with  a  thick  layer 
of  powdered  anhydrous  sodium  sulphate  (of  Analar  grade).  This 
is  conveniently  done  with  a  spoon  spatula.  Altogether  about 
2  to  3  g.  sodium  sulphate  are  used  in  this  way — no  exactness  being 
required. 

If  a  few  grains  of  the  powder  escajie  into  the  outer  chamber 
accidentally— this  has  no  appreciable  effect.  The  unit  is  now 
covered  with  a  lid  smeared  with  a  paraffin  fixative  and  left  aside 
on  the  bench.  The  time  taken  for  the  diffusion  depends  in  some 
measure  on  the  amount  of  the  sample  used.  If  0-1  ml.  of  the 
acidified  sample  is  used  it  is  complete  (99%)  in  about  5  hours  at 
room  temperature.  If  0-5  ml.  is  used  it  takes  about  8  hours  at 
room  temperature,  and  the  diffusion,  may,  with  convenience,  be 
allowed  to  take  place  overnight. 

After  the  diffusion  period  the  lid  is  removed  and  the  outer 
chamber  contents  removed  by  a  glass  tube  with  rubber  teat  and 
introduced  into  a  small  tube  for  titration,  the  chamber  being 
washed  out  about  twice  with  0-5  ml.  distilled  water,  making 
roughly  3  ml.  in  all  for  titration.  A  little  neutral  phenolphthalein 
in  alcohol  is  added  and  the  titration  carried  out  with  barium 
hydroxide  solution  from  a  Conway  burette,  the  strength  depending 
on  the  order  of  acetic  concentration  expected. 

Calculation.  If,  for  example,  0-5  ml.  of  the  fluid  for  analysis 

is  used,  and  A  /50  alkali  is  used  for  the  titration  the  result  may  be 
expressed  as 

/V  1  60 

X  50  X  (P5  acetic  acid  per  cent 

u here  X  and  B  are  the  large  divisions  (each  0-01  ml.)  on  the 
burette,  corresponding  to  the  analytical  and  blank  values. 


Formic,  Propionic  and  Butyric  Acids. 

These  acids  with  the  above  procedure  diffuse  over  into  the  outer 
chamber  at  snnilar  rates  to  acetic.  Propionic  diffuses  at  an  almolt 
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identical  rate,  butyric  at  a  definitely  slower  rate.  Thus,  using 
0-1  ml.  volumes  butyric  acid  diffuses  to  37%  of  the  full  value 
whereas  acetic  acid  diffuses  to  about  53%  at  room  temperature. 
Butyric  acid  takes  about  8  hours  to  reach  98%  diffusion,  and 
using  0-5  ml.  about  16  hours  may  be  assumed,  and  is  suitable  for 
leaving  overnight.  Formic  acid  diffuses  a  little  faster  than 
butyric  but  somewhat  slower  than  acetic  acid. 

Members  of  the  fatty  series  containing  more  than  four  carbon 
atoms  have  not  been  investigated. 

If  a  mixture  of  volatile  fatty  acids  is  present  in  the  sample  for 
analysis,  distilled  water  may  be  used  in  the  outer  chamber,  with 
results  almost  identical  with  the  use  of  citrate,  but  a  pure  solution 
of  volatile  fatty  acids  is  obtained.  Individual  members  may  then 
be  determined  by  special  methods.  The  relative  preponderance 
of  fatty  acids  higher  than  propionic  could  be  determined  by 
observations  of  the  diffusion  after  one  hour,  and  after  24  hours 
compared  with  standard  acetic  acid  under  the  same  conditions. 

Determination  of  Acetic  Acid  in  Blood  Serum. 

The  method  described  above  may  be  used  for  the  determination 
of  acetic  acid  in  blood  serum.  The  procedure  adopted  is  as  follows. 

Procedure.  0*5  ml.  of  the  serum  is  pipetted  into  the  central 
chamber  of  a  No.  1  microdiffusion  unit.  0-1  ml.  of  3 N  sulphuric 
is  then  pipetted  on  to  the  serum,  and  mixed  with  a  fine  glass  rod. 
Such  units  are  exposed  then  for  15  minutes,  during  which  2  ml.  of 
N/5 00  sodium  citrate  are  run  into  the  outer  chamber. 

After  15  minutes,  powdered  anhydrous  sodium  sulphate  is 
heaped  on  the  fluid  in  the  central  chamber,  and  the  lid  fixed  in 
position  as  before.  A  blank  determination  is  set  up  in  a  similar 
way  using  0*5  ml.  water  to  replace  serum. 

The  units  are  left  overnight,  when  the  contents  of  the  outer 
chamber  are  pipetted  with  washing  as  above,  and  titrated,  after 
adding  a  drop  of  phenolphthalein  solution,  with  N/ 200  barium 

hydroxide  from  a  Conway  burette. 

Calculation.  To  obtain  the  absolute  value  of  the  volatile  fatty 
acid  which  has  come  over  into  the  outer  chamber,  it  is  necessary 
to  apply  a  correction  for  the  small  amount  of  acid,  very  likely 
HC1.  which  diffuses  across,  and  is  not  acetic  or  closely  related 
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acids.  .This  amount  has  been  investigated  by  allowing  the  diffusion 
to  proceed  for  48  hours  and  observing  the  difference  in  titration 
between  the  24  hr.  period.  This  difference  may  be  expressed  as 
3-5  large  division  (or  0-033  ml.)  of  iV/200  alkali.  The  calculation 
in  terms  of  mg.  acetic  acid  /100ml.  is  therefore. 

(X-B-3-5)xg)x(^) 

or  0-6  x  (X  -  B  -  3-5) 

where  X  and  B  are  the  serum  and  blank  titrations  in  large  burette 
divisions  (each  division  =  0-01  ml.). 

A  mean  value  found  for  abbatoir  blood  (4  samples)  was  3-9  mg. 
acetic  acid  per  cent. 

Notes  on  the  method. 

(1)  Owing  to  the  very  low  tensions  of  acetic  acid  in  dilute 
solution,  it  is  essential  that  the  units  be  perfectly  dry,  and  no 
droplet  of  water  contained  in  them  ;  also,  that  there  is  no  trace 
of  alkali  on  the  inner  surface  of  the  units  or  the  lid. 

(2)  The  fixative  should  be  a  pure  paraffin  mixture  (Page  93), 
or  pure  liquid  paraffin,  and  cover  the  whole  under-surface  of  lid. 

(3)  Recoveries  of  acetic  acid  added  to  blood  plasma — to  give 
an  additional  15  mg.  per  cent — have  been  quantitative. 

(4)  Spilling  of  some  grains  of  the  anhydrous  sulphate  into  the 
outer  chamber  which  is  better  avoided,  as  far  as  possible,  has  no 
very  appreciable  influence  on  the  titrations. 

While  in  press  a  paper  on  ‘  a  microanalytical  method  for  the 
Volatile  Fatty  Acids  (Black,  1949)  appeared.  In  this  the  micro¬ 
diffusion  principle  has  also  been  used  with  a  special  microdiffusion 
unit.  To  hasten  the  diffusion  a  temperature  of  100°-105°  C.  is 
used,  and  14-16  hours  allowed.  The  procedure  is  therefore  less 
advantageous  than  that  described  above.  Details  with  respect 
to  the  distinguishing  of  some  individual  fatty  acids  by  their 
distribution  ratios  between  water  and  ether  are  of  interest. 


CHAPTER  XXXII 


ALCOHOL,  CHLOROFORM  AND  TRICHLORO¬ 
ETHYLENE  IN  BLOOD  AND  TISSUE  FLUIDS 

Alcohol 

In  methods  for  determining  alcohol  in  tissue  and  body  fluids  for 
the  most  part  the  principle  of  the  oxidation  of  the  alcohol  to 
acetic  acid  by  dichromate,  with  subsequent  titration  of  the 
dichromate,  has  been  used.  Such  methods  differ  only  in  the 
manner  of  separating  the  alcohol  and  titrating  the  dichromate 
(vide  Levine  and  Bodansky,  1939). 

In  Widmark’s  alcohol  method  (1922)  the  alcohol  passes  by  dif¬ 
fusion  from  a  small  cup  suspended  from  the  bottom  of  a  stopper 
inserted  into  a  50  ml.  flask,  into  a  solution  of  dichromate  in  sul¬ 
phuric  acid  in  the  bottom  of  the  flask.  The  excess  dichromate 
after  the  oxidation  of  the  alcohol  is  determined  iodometrically. 

Winnick  (1942  c)  has  shown  how  the  standard  microdiffusion 
unit  can  be  applied  to  the  determination  of  alcohol  in  blood  and 
urine.  In  the  following  description  much  of  his  procedure  is 
followed.  It  has  been  modified  (Conway  and  Nolan,  1948)  in  such 
a  manner  that  full  absorptions  occur  in  one  hour  at  room  tem¬ 
perature.  The  ease,  accuracy  and  delicacy  of  the  method  now 
make  it  specially  commendable. 

Procedure  for  blood  or  other  fluid  continuing  over  20  mg.  per  100 
ml.  alcohol  (Conway  and  Nolan,  modified  after  Winnick). 

If  the  specimen  or  sample  is  expected  to  contain  more  than  about 
300  mg.  per  cent  it  should  be  suitably  diluted  to  bring  it  under 
this  value.  If  it  is  expected  to  contain  less  than  20  mg.  per  cent, 
the  procedure  described  subsequently  with  the  No.  2  unit  is 
followed. 

Pipette  1  c.c.  of  0-03  N  dichromate  (in  10N  sulphuric  acid)  into 
the  inner  chamber.  Run  approximately  0-5  c.c.  of  saturated 
potassium  carbonate  solution  into  the  outer  chamber.  Place  the 
lid  in  position  using  liquid  paraffin  as  fixative.  .Slide  back  lid 
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sufficiently  to  introduce  a  pipette  and  quickly  but  accurately 
introduce  0-1  c.c.  of  the  sample  into  the  outer  chamber.  Reseal 
the  unit  and  mix  0-1  c.c.  of  sample  and  potassium  carbonate  by 
rotating  several  times  in  the  usual  manner.  Leave  aside  on  bench 


for  l|-2hrs. 

At  the  end  of  this  time  remove  the  lid  and  add  0-1  c.c.  ot  20 
per  cent  potassium  iodide  to  the  dichromate.  The  liberated 
iodine  is  titrated  at  once  with  0-05  A  thiosulphate  from  the 
Conway  burette. 

The  thiosulphate  is  added  rapidly  with  efficient  stirring  until 
nearly  all  the  iodine  is  reduced,  and  then  dropwise  until  the  colour 
of  the  solution  is  a  light  yellow-green.  A  drop  of  1  per  cent  starch 
solution  is  added,  and  the  titration  is  completed  to  the  point  at 
which  the  deep  blue  starch-iodine  colour  is  replaced  by  the  light 
blue-green  colour  of  the  chromic  ion.  Owing  to  the  small  volume 
of  the  solution  being  titrated,  this  colour  change  is  abrupt. 

A  blank  determination  is  also  carried  out  at  the  same  time  using 
0-1  c.c.  water  instead  of  the  sample  for  analysis.  The  result  as 
milligrams  per  cent  of  alcohol  in  the  sample  is  given  by  : 

576  x  (B  -  A) 


where  B  and  A  are  the  c.c.  of  0*05 N  thiosulphate  required  for  the 
blank  and  the  analytical  units. 


Solutions. 

Dichromate  solution  (0  032V  in  102V  sulphuric  acid).  This  contains  1-47  g. 
of  pure  dry  potassium  dichromate  in  1  litre  of  102V  sulphuric  acid. 
Such  102V  sulphuric  acid  contains  266  ml.  of  the  pure  acid  per  litre. 

0  05  thiosulphate  solution.  This  contains  12-42  g.  of  crystalline  sodium 
thiosulphate  per  litre.  To  preserve  the  solution  50  mg.  of  sodium 
carbonate  are  added  per  litre. 

20%  potassium  iodide. 

1%  starch  solution. 

Fixative.  Liquid  paraffin. 


Method  for  fluids  containing  alcohol  less  than  20  mg.  per  cent. 

Into  the  inner  chamber  of  a  No.  2  unit,  0-1  c.c.  of  0-03N  dichro- 
mate  in  ION  sulphuric  acid  is  introduced.  If  more  than  5  mg.  per 
cent  alcohol  are  anticipated  in  the  sample,  0-5  c.c.  of  saturated 
potassium  carbonate  is  introduced  into  the  outer  chamber  and  the 
lid  placed  in  position  with  fixative.  Then  0-1  c.c.  of  the  sample 
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is  introduced  in  the  usual  way,  and  the  lid  firmly  sealed.  The 
contents  of  the  outer  chamber  are  mixed  by  rotation.  The  unit 
is  now  left  aside  for  three  hours  when  the  fluid  in  the  inner  chamber 
is  titrated  with  0-01 N  thiosulphate  after  adding  one  drop  of  20% 

potassium  iodide.  The  titration  is  carried  out  slowly  with  efficient 
stirring. 

If  it  is  anticipated  that  the  sample  contains  less  than  5  mg.  per 
cent  alcohol,  0-5  g.  of  solid  powdered  potassium  carbonate  is 
used  instead  of  0-5  c.c.  saturated  potassium  carbonate  solution, 
and  0-5  c.c.  of  the  sample  is  pipetted  into  the  outer  chamber 
instead  of  0-1  c.c.  as  above.  Otherwise  the  procedure  is  the  same. 
Blank  determinations  with  water  are  carried  out  at  the  same  time. 
Calculation. 

Where  0-1  c.c.  of  the  sample  is  used  (above  5  mg.%  anticipated) 
the  alcohol  as  milligrams  per  cent  is  given  by: 

115  x  (B- A) 

where  B  and  A  are  the  c.c.  of  0-01A  thiosulphate  required  for  the 
blank  and  analytical  titrations. 

Where  0-5  c.c.  is  used  (levels  below  5  mg.  %  exjiected)  the 
calculation  is  given  by: 

23  x  (B  -  A) 

Notes  on  method. 

Recoveries  and  accuracy.  Winnick  obtained  recoveries  of  97-5 
to  103%  of  alcohol  added  to  blood  or  urine  by  the  method  and  his 
duplicate  determinations  agreed  to  within  about  2%.  A  higher 
accuracy  can  be  obtained  by  the  modified  method  depending  on 
the  accuracy  of  introduction  of  the  0-1  ml.  sample,  ( vide  Part  III 
of  present  volume). 

In  a  series  of  analyses  on  a  standard  solution  containing  100 
mg.  per  cent  alcohol,  the  standard  deviation  of  the  single  deter¬ 
mination  was  0-6  mg.  % 

Collection  of  samples  for  analysis.  Blood  and  freshly  voided 
urine  specimens  are  collected  in  tubes  tightly  fitted  with  rubber 
stoppers.  The  tubes  for  blood  samples  contain  oxalate  or  citrate. 
Winnick  finds,  confirming  Cavett’s  observation  (1938)  that  the 
blood  or  urine  can  stand  for  24  hours  in  the  ice  box  without 
appreciable  change  in  alcohol  concentration. 
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Interfering  substances.  Acetone  and  chloroform  do  not  interfere, 
and  though  ether  (di-ethyl)  is  slowly  oxidised  by  the  dichromate, 
it  is  unlikely  to  interfere  seriously,  since  alcohol  is  at  a  relatively 
much  higher  level  during  intoxication  than  is  ether  following 
anaesthesia. 

The  following  substances  which  are  of  industrial  importance  and 
may  give  rise  to  intoxication,  do  not  interfere  benzene,  caibon 
tetrachloride,  naphtha  and  trichloroethylene.  On  the  other  hand 
methyl  alcohol,  isopropyl,  amyl  (also  isoamyl  acetate)  and  octyl, 
as  well  as  the  aldehydes  acetaldehyde  and  propionaldehyde  do 
interfere. 

Blood  and  urine  levels  of  alcohol.  Winnick  found,  using  the 
above  method,  that  the  blood  and  urine  of  six  individuals  who  had 
taken  no  alcoholic  beverages  for  several  days  contained  no  measur¬ 
able  amounts  of  alcohol. 

He  also  found  the  blood  concentration  in  mild  to  moderate  in¬ 
toxication  to  be  130-220  mg.%,  in  moderate  to  severe — 170  to 
380  mg.%  and  in  very  severe  intoxication — about  530  mg.% 
The  urinary  concentration  was  higher  than  that  of  the  blood 
(upwards  of  1-5  times),  confirming  the  observation  of  Jetter 
(1941). 

Rate  of  disappearance  of  alcohol  from  the  blood.  Confirming 
Newman,  Lehman  and  Cutting’s  observations  for  the  dog  (1937), 
Winnick  showed  that  the  alcohol  in  the  blood  of  a  human  subject 
falls  in  a  linear  manner  with  the  time.  Over  12  hours  the  concen¬ 
tration  fell  from  307  mg.%  (moderate  to  severe  intoxication)  to 
about  half  this  amount  in  7  hours  and  to  35  mg.%  in  12  hours. 

Chloroform  and  Trichlorethydene  in  Blood 

Determination  of  chloroform  in  blood  :  The  account  of  this 
method  follows  the  description  of  Burgen  (1948)  who  showed  that 
the  microdiffusion  procedure  could  replace  the  recovery  of  chloro¬ 
form  from  blood  by  steam  distillation  with  advantages  as  to  time- 
saving  and  economy  of  apparatus.  Only  1  to  2  ml.  blood  are 
required  for  a  determination.  The  method  is  applicable  without 

modification  to  estimations  in  urine,  cerebrospinal  fluid  and  tissue 
extracts. 

Principle  of  method :  The  chloroform  diffuses  from  1  to  2  ml. 
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undiluted  blood  in  the  outer  chamber  into  toluene  in  the  central 
compartment.  The  vapour  of  chloroform  is  100  times  more 
soluble  in  toluene  than  in  blood  and  when  equilibrium  is  reached 
96-97%  of  the  chloroform  has  been  transferred.  For  1  mg.  blood 
at  20  C.,  the  transfer  is  95%  complete  in  3  to  4  hrs.  and  in  15  mins, 
at  37°  C.  At  the  latter  temperature  it  is  90%  complete  in  45 
minutes  and  98%  complete  in  the  same  time  with  2  ml. 
blood. 

After  the  diffusion  period  the  colorimetric  reaction  with  pyri¬ 
dine  and  caustic  alkali  (Fujiwara,  1914)  Daroga  and  Pollard, 
1941  ;  Habgood  and  Powell,  1945)  is  utilised. 

Bur  gen's  Procedure  : 

Toluene  0-8  ml.  is  pipetted  into  the  centre  compartment  of  a 
standard  microdiffusion  unit  (No.  1)  ;  1  or  2  ml.  of  whole  blood 
collected  with  suitable  precautions  (no  oil  in  the  syringe  ;  narrow 
tubes  filled  to  the  top,  and  closed  with  a  cork  covered  with  silver 
foil)  is  rapidly  pipetted  into  the  outer  compartment  and  quickly 
spread  with  the  tip  of  the  pipette.  The  cover,  which  has  been 
smeared  with  fixative,  is  applied  and  the  whole  unit  placed  in  an 
incubator  at  37°  C.  for  50-66  minutes.  The  unit  is  then  removed 
from  the  incubator,  uncovered  and  0-5  ml.  of  toluene  from  the 
centre  compartment  transferred  to  5  ml.  of  pyridine  in  a  test  tube. 
Now  2-5  ml.  of  20%  sodium  hydroxide  are  added,  the  tube 
agitated  and  then  placed  in  a  boiling  water  bath  for  precisely 
5  minutes.  It  is  then  cooled  in  iced  water,  and  when  cool,  5  ml. 
of  the  supernatent  pyridine  layer  are  transferred  to  a  clean  tube 
and  1  ml.  of  water  added  to  remove  the  turbidity.  The  resulting 
colour  is  stable  for  about  one  hour. 

The  colour  is  measured  in  a  colorimeter  with  an  Ilford  micro-3 
green  filter,  setting  to  zero  with  a  blank.  The  intensity  of  absorp¬ 
tion  has  a  linear  relation  to  concentration  (see  Fig.  55).  Nor¬ 
mally  1  cm.  cells  are  used,  but  for  concentrations  below  5  mg.  per 
100  ml.,  cells  of  2  to  4  cm.  should  be  used,  if  available.  The 
absolute  values  for  the  absorption  vary  somewhat  with  different 
batches  of  pyridine,  but  owing  to  the  linearity  of  the  absorption 
curve  the  slope  of  the  line  can  readily  be  checked  b^  running  a 
few  standards. 
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The  colour  developed  with  chloroform  is  purplish-red,  that  with 
trichlorethylene  is  orange-red,  with  an  extinction  about  one-third 
that  for  chloroform.  The  blood  levels  during  anaesthesia  (6  to 
12*5  mg.  of  trichlorethylene)  are  also  lower  than  for  chloroform 
and  the  use  of  4  cm.  cells  are  essential. 

From  the  above  description  it  is  evident  that  the  extinctions 
are  readily  determinable  by  such  instruments  as  the  Spekker 
Absorptiometer  and  the  Pulfrich  Photometer. 


Accuracy  of  Method  :  Chloroform  in  concentrations  from  5  to 
35  mg-  per  100  ml*  (the  concentrations  likelv  to  be  found  during 
and  following  anaesthesia)  can  be  determined  with  an  accuracy  of 
plus  or  minus  5%. 


Reagents  : 

Toluene  :  Pure  toluene  is  shaken  with  concentrated  sulphuric 
ac,d  to  remove  thiophen,  and  then  twice  distilled,  the  middle 
fraction  boiling  at  1 15°  C.  being  retained 
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Pyridine:  Analytical  grade  or  redistilled.  It  must  be  quite 
clear  and  colourless. 

20%  Sodium  Hydroxide. 

Fixative  :  5  g.  of  gum  tragacanth  are  ground  with  70  ml.  of 
distilled  water  to  a  smooth  jelly  and  25  ml.  of  glycerol  added. 

While  in  press  a  paper  by  McLeod  (1949)  appeared  on  the 
determination  of  alcohol  by  microdiffusion.  The  standard  micro¬ 
diffusion  units  were  used  and  this  worker  has  observed  inde¬ 
pendently  the  great  effect  of  saturated  potassium  carbonate  in 
accelerating  the  absorption  from  the  outer  chamber. 

Instead  of  acid  dichromate  he  used  alkaline  permanganate  for 
the  absorption  and  titrated  at  the  end  with  a  solution  of  thiourea 
in  the  presence  of  barium  ions. 


CHAPTER  XXXIII 

CARBON  MONOXIDE 

Carbon  monoxide  in  blood  was  determined  by  Christman  and 
Randall  (1933)  by  absorption  of  the  gas  in  palladium  chloride 
solution,  after  the  addition  of  ferricyanide  to  the  blood  to  liberate 
the  gas  in  free  form.  The  reaction  of  the  CO  with  the  PdCl2  ma}7 
be  represented  as  : 

PdCl2  +  CO  +  H20  =  C02  +  2HC1  +  Pd 
1  ml.  of  N/5 0  PdCl2  solution  being  equivalent  to  22-4/100  =  0-224 
ml.  of  CO  at  N.T.P. 

After  the  absorption  Christman  and  Randall  flocculated  the 
colloidal  palladium  with  aluminium  sulphate  and  filtered  off, 
the  excess  palladium  chloride  being  determined  colorimetrically 
by  addition  of  gum  ghatti  and  excess  potassium  iodide  and  com¬ 
parison  of  the  resulting  red  colour  with  a  suitable  standard. 

Wennesland  (1940)  described  a  method  for  CO  determination 
in  blood  in  which  the  absorbent  was  also  palladium  chloride 
after  liberation  of  the  free  gas  by  dilute  sulphuric  acid.  For  the 
transport  of  the  CO  a  diffusion  apparatus  was  used  consisting  of 
two  conical  flasks,  the  mouths  of  which  were  joined  by  a  short 
piece  of  rubber  tubing.  The  excess  palladium  chloride  was  deter¬ 
mined  iodimetrically. 

Gray  and  Sandiford  (1946)  adapted  these  two  earlier  methods 
for  use  with  the  standard  unit. 

The  quantities  used  here  are  in  accordance  with  their  description, 
but  instead  of  the  iodimetric  technique  involving  prior  filtration 
and  washings,  a  simpler  titration  method  was  used  with  more 
accurate  results. 

It  will  be  noticed  that  in  the  equation  above,  two  moles  of 
hydrochloric  acid  are  set  free  for  each  mole  of  carbon  monoxide. 
Titrating  this  free  HC1  should  give  a  ready  method  for  deter¬ 
mining  the  carbon  monoxide  absorbed. 

In  titrating  palladium  chloride  solutions  the  most  suitable  end 
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point  pH  lies  in  the  region  4-0-4-5  pH.  Near  to  a  pH  of  5-0  a 
steep  rise  begins  in  the  titration  curve  with  considerable  buffering, 

the  magnitude  depending  on  the  concentration  of  the  palladium 
chloride. 

Among  many  indicators  investigated  the  most  suitable  was 
found  to  be  bromophenol  blue. 

Since  the  reduced  palladium  tends  to  form  a  dark  colloidal 
solution,  this  seriously  interferes  with  titration  unless  flocculated. 

Gray  and  Sandiford  flocculated  with  aluminium  sulphate,  but 
foi  the  purpose  of  titration ,  magnesium  chloride  is  much  more 
suitable. 

Procedure  for  determining  carbon  monoxide  in  blood  (Conway 
and  Ryan,  1948). 

Into  the  outer  chamber  is  pipetted  0-2  c.c.  of  5N  sulphuric  acid, 
and  l  c.c.  of  palladium  chloride  of  suitable  strength  (N/ 100  in 
N/1000  HC1,  or  N/ 200  in  N/ 1000  HC1,  both  solutions  incor¬ 
porating  0-5%  magnesium  chloride  ;  for  choice  of  palladium 
chloride  strength,  see  below). 

The  lids  with  fixative  are  placed  in  position  and  2  c.c.  of  the 
blood  diluted  1  in  4  (1  in  8  if  over  15  vols.  CO  per  cent  are  antici¬ 
pated)  are  introduced  in  the  usual  fashion,  into  the  outer  chamber, 
the  units  being  tilted  slightly  so  that  the  blood  does  not  come  into 
immediate  contact  with  the  acid.  On  sealing  the  lids  the  blood  is 
mixed  with  the  acid.  The  units  are  left  aside  for  1|  hours. 

On  removing  the  lids  the  units  are  tilted  to  one  side  and  the  tip 
of  an  0-8  c.c.  pipette  is  inserted  under  the  film  of  palladium  on  the 
surface  of  the  inner  chamber,  0-8  c.c.  are  sucked  up  and  transferred 
to  a  small  flat-bottomed  tube;  0-1  c.c.  of  0-25%  bromophenol 
blue  solution  is  added  and  the  yellow  solution  titrated  with  i\r/50 
KOH  from  the  micro-burette.  As  the  titration  proceeds  the 
yellow  colour  fades,  and  at  a  pH  of  4-0  the  end-point  is  taken  as  the 
first  appearance  of  a  definite  reddish-purple  tint.  A  corresponding 
blank  titration  is  made  of  the  0-8  c.c.  of  the  palladium  chloride 
solution  used  as  absorbent. 

Calculation. 

If  ‘  A  ’  c.c.  represents  the  difference  between  the  analytical  and 
blank  titrations  in  c.c.  of  iV/50  alkali,  then  A  x  0-224  gives  the  c.c. 
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of  carbon  monoxide  (at  N.T.P.)  in  the  2  x  1/4  x  0-8  (or  0-4  c.c.) 
blood.  Hence  A  x  56-0  gives  the  vols.  carbon  monoxide  per  cent. 

Solutions. 

Palladium  chloride  mixtures  :  To  make  a  litre  of  the  Ar/100  palladium 
chloride  solution  088  g.  of  palladium  chloride  is  dissolved  with  heating 
in  100  ml.  of  2ST/100  HC1,  5  g.  of  MgCl2  are  added  and  the  mixture  made 
up  on  cooling  to  1  litre,  a  similar  procedure  being  used  for  the  N /200 
palladium  chloride  solution— 0-44  g.  of  the  salt  being  then  used. 

Brom-phenol  blue  solution  :  This  is  made  up  in  0 ■  2 5  per  cent  strength. 

N 1 50  KOH  solution. 

Notes  on  the  method. 

(1)  Choice  of  palladium  solution  :  If  it  is  anticipated  that  the 
blood  does  not  contain  more  than  nine  vols.  per  cent  of  CO  the 
mixture  containing  Nj 200  palladium  chloride  should  be  used.  If 
under  15  vols.  per  cent  2V/100  strength  is  used.  With  the  usual 
blood  dilution,  and  if  over  15  vols.  per  cent  the  JV/100  mixture  but 
with  a  blood  dilution  of  1  in  8. 

(2)  Diluting  the  blood  :  For  the  1  in  4  dilution,  6  c.c.  of  distilled 
water  are  introduced  into  a  10  c.c.  test  tube  and  2  c.c.  of  the 
blood  (shaken  gently  before  removing  the  cork  to  ensure  an  even 
distribution  of  the  red  cells)  are  introduced  under  the  surface  of 
water  in  the  test  tube.  This  is  then  corked,  but  it  is  better  not  to 
mix  the  contents  until  ready  for  use.  The  mixing  may  then  be 
done  by  gently  inverting  a  few  times. 

(3)  Accuracy  of  the  method  :  Using  the  above  method  carbon 
monoxide  in  blood  can  be  determined  with  a  standard  deviation 
for  the  single  estimate  of  only  0-06  vols.  per  cent.  It  is  doubtful 
if  in  practice  the  manometric  method,  which  is  much  more  trouble¬ 
some  can  give  a  smaller  variability  than  this.  A  number  of 
determinations  using  the  manometric  procedure  of  Horvath  and 
Roughton  (1943)  and  the  microdiffusion  procedure  on  the  same 
blood  specimens  (with  approximately  10  vols.  CO  per  cent) 
showed  a  slight  difference  in  the  absolute  mean  values.  The 
manometric  results  were  0-17  vols.  per  cent  higher. 

(4)  Sealing  the  units  :  It  is  important  for  the  most  accurate 
results  that  the  units  be  well  sealed  with  the  fixative,  and  any  not 

showing  the  transparent  contact  line  all  around  between  unit  and 
lid  should  be  discarded. 
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(•>)  When  the  lid  of  the  unit  is  removed  and  the  surface  of  the 
palladium  chloride  solution  examined  in  a  good  light  against  a 
white  background,  if  the  CO  of  the  undiluted  blood  exceeds  approxi¬ 
mately  0-5  vol.  %  a  thin  grey  film  of  metallic  palladium  may  be 
seen  on  the  surface  of  the  palladium  chloride.  With  increasing 
quantities  of  CO  in  the  original  blood  the  film  of  palladium  becomes 
more  and  more  pronounced  until  with  about  3  to  5  vols.  %  the 
palladium  forms  a  definite  metallic  mirror  on  the  surface. 

Use  of  the  reaction  between  CO  and  palladium  chloride  as  a 
qualitative  test  for  CO  in  blood. 

From  the  preceding  paragraph  it  will  appear  that  the  film  of 
metallic  palladium  formed  on  the  surface  of  the  central  chamber 
can  be  used  as  a  qualitative  test.  If  this  only  is  required,  the  blood 
need  not  be  diluted  and  using  the  small  (No.  2)  units  with  0*2  c.c. 
of  the  iV/100  palladium  chloride  mixture  in  the  central  chamber, 
and  0-5  c.c.  of  5 N  sulphuric  acid  with  0-5  c.c.  blood  outside  the 
appearance  of  a  grey  film  of  palladium  on  the  central  surface  is 
evident  (when  the  units  are  examined  after  1|  hours)  with  only 
0-1  vols.  CO  per  cent. 

Oxygen  Capacity  Determination  of  Blood. 

The  oxygen  capacity  of  blood  can  be  determined  by  the  well 
known  method  of  measuring  the  carbon  monoxide  combining 
power.  In  the  Van  Slyke  and  Hiller  manometric  method  pure 
carbon  monoxide  is  used  as  the  equilibrating  agent,  at  a  pressure 
of  about  25  mm.  Hg,  the  oxygen  and  nitrogen  being  extracted 
during  the  process.  The  carbon  monoxide  going  into  physical 
solution  being  corrected  later  in  a  blank  analysis  (the  .correction 
is  very  small  for  such  pressures). 

With  the  microdiffusion  procedure  pure  carbon  monoxide  is 
most  conveniently  used  at  atmospheric  pressure  for  the  equilibra¬ 
tion.  This  involves  an  allowance  for  the  physically  dissolved  CO 
as  high  as  1*7  vols.  per  cent.  Ordinary  coal  gas  containing  about 
7%  CO  or  53  mm.  Hg  pressure,  and  no  appreciable  oxygen,  was 
found  more  suitable.  The  amount  physically  dissolved  may  be 
neglected. 

Procedure.  About  4—5  c.c.  of  blood  are  introduced  into  a 
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separating  funnel  of  200  c.c.  capacity.  The  end  of  the  funnel  is 
connected  with  the  coal  gas  mains,  the  gas  being  passed  over  the 
surface  of  the  blood,  the  funnel  being  rotated  during  the  passage. 
At  intervals  the  gas  is  turned  off,  and  the  funnel  corked  but  the 
rotating  continued.  After  4  or  5  minutes  the  funnel  is  finally 
corked,  placed  vertically  and  the  blood  allowed  to  drain  down  the 
walls  for  a  few  seconds,  after  which  the  blood  is  allowed  to  run 
quickly  into  a  small  tube  previously  filled  with  coal  gas,  and  the 
tube  corked. 

The  vols.  CO  per  cent  in  this  blood  are  now  determined  by  the 
method  described  above  (using  N/ 100  palladium  chloride  mixture 
and  1  in  8  dilution  of  blood). 

Calculation.  If  ‘  A  ’  is  the  number  of  c.c.  of  N/ 50  alkali  differ¬ 
ence  between  the  analytical  and  blank  units,  then  the  oxygen 
capacity  is  given  by 

Oxygen  capacity  =  112  x  A  vols.  per  cent. 

Comparison  of  results  with  the  manometric  method  (Van  Slyke 
and  Hiller,  1933). 

Sixteen  determinations  were  carried  out  on  seven  different 
blood  specimens  both  with  the  manometric  and  microdiffusion 
procedure.  The  agreement  was  excellent,  the  total  mean  values 
being  the  same  and  the  maximum  divergences  for  a  given  blood 
specimen  being  0-5  vols.  per  cent. 


CHAPTER  XXXI  V 


A.  DETERMINATION  OF  TOTAL  MOLECULAR  CONCEN¬ 
TRATIONS  IN  FLUID  SAMPLES  OF  ABOUT  3-4 
MILLIGRAMS 

The  microdiffusion  principle  may  be  applied  to  the  measurement 
of  vapour  pressure  differences,  and  hence  of  molecular  concentra¬ 
tions  (Conway,  Brady  and  Hingerty,  1945).  In  the  method  de¬ 
scribed  here  changes  in  the  water  content  of  a  small  amount  of 
fluid  in  a  little  receptacle  are  determined  by  weighing.  The  con¬ 
tainer  is  placed  in  the  central  chamber  of  a  microdiffusion  ‘  unit  ’ 
(No.  2)  and  1  ml.  of  a  standard  saline  solution  in  the  outer.  To 
approach  equilibrium  in  about  24-30  hours  it  is  found  necessary 
to  incubate  to  54°  C.  using  only  3-4  milligrams  of  fluid.  The 
diffusion  of  the  water  is  very  slow  owing  to  the  very  small  tension 
differences. 

Method. 

Containers.  The  containers  for  the  small  quantities  of  fluid  are 
small  cups  of  Pyrex  glass  weighing  about  0-8  g.  and  having  the 
following  dimensions.  The  internal  diameter  is  about  9  mins., 
external  diameter  11  mms.  and  height  8  mms.  They  can  be 
readily  made  from  glass  tubing.  Each  container  is  placed  in  the 
central  chamber  of  a  No.  2  ‘  unit  ’.  To  ensure  spreading  of  the 
small  quantity  of  fluid  over  the  bottom  surface  of  the  cups,  after 
cleaning,  these  are  steeped  in  0-05%  saponin  for  about  15  minutes 
before  drying. 

Lids.  Square  pieces  of  plate  glass  about  1  cm.  thick  and  5  cm. 
square  are  used.  These  are  preheated  in  the  incubator  to  the 
required  temperature  and  smeared  with  fixative  before  beginning 
a  series  of  weighings. 

Fixative.  A  mixture  of  vaseline  and  beeswax  in  proportions  of 
3  to  4  by  weight  is  used. 

Procedure.  A  number  of  ‘  units  ’  containing  1  ml.  of  standard 

saline  (1%  for  the  calculations  described  below)  are  prepared  and 
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an  equal  number  of  lids  are  preheated  and  smeared  with  fixative 
in  the  incubator.  Three  (or  more)  ‘  units  are  used  for  each 
sample.  Each  cup  is  weighed  accurately  to  0-01  mg.  on  a  micro¬ 
balance,  being  introduced  for  this  purpose  into  a  small  tared 
weighing  bottle.  After  weighing,  a  quantity  of  3—4  mg.  of  the 
fluid  for  examination  is  rapidly  introduced  from  a  simple  micro 
glass  pipette  drawn  out  to  a  capillary  point,  the  small  sample  being 
blown  out  gently.  The  accuracy  of  the  delivery  is  here  of  little 
consequence  since  the  volume  delivered  will  be  weighed  subse¬ 
quently.  Immediately  after  the  delivery  of  the  fluid,  the  cup  is 
again  introduced  into  the  weighing  bottle  and  re-weighed.  After 
weighing,  the  little  cup  is  placed  in  the  central  chamber  of  the 
‘  unit  ’  and  quickly  covered  by  the  preheated  lid,  and  the  whole 
placed  on  a  wooden  board  which  had  been  previously  in  position 
in  the  tucubator. 

After  30  hrs.  the  little  cup  is  removed  as  quickly  as  j^ossible  and 
its  weight  again  determined.  In  removing  the  ‘  units  ’  with  cups 
from  the  incubator,  the  door  of  the  latter  is  opened  and  closed  as 
quickly  as  possible  to  avoid  any  marked  fall  in  temperature. 
Special  care  must  be  taken  in  the  transfer  of  the  cup  to  the  weigh¬ 
ing  bottle  that  no  undue  exposure  to  the  air  occurs. 

Calculation.  The  calculation  is  made  in  terms  of  standard  saline 
conditions,  which  then  in  turn  can  be  referred  to  freezing  point  de¬ 
pressions,  if  necessary. 


Table  XVI 


R. 

NaCl 

equivalent. 

R. 

0-95 

109 

1-25 

100 

117 

1-30 

105 

1-24 

1-35 

110 

1-31 

1-40 

115 

1-38 

1-45 

1-20 

1-44 

1-50 

1-55 

NaCl 

equivalent. 


1-50 

1-56 

1-62 

1-67 

1-72 

1-77 

1-82 


The  ratio  for  the  sample— (wt.  after)/(wt.  before)  referred  to  as 
R,  is  determined.  Then  if  this  ratio  falls  below  0-9  the  saline 
concentration  of  NaCl  as  g.%  to  which  the  sample  is  equivalent 
is  calculated  as  Rj 0-9.  Thus,  if  It  is  0-73,  the  NaCl  concentration 
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giving  the  same  vapour  pressure  as  the  sample  is  0-73/0-9  or 

0-81  g.%. 

If  the  ratio  is  above  0-9,  Table  XVI  gives  the  relation. 

Accuracy  of  method.  In  accordance  with  the  above  calculation, 
a  standard  deviation  of  approximately  2-7%  was  found  with  36 
single  determinations  on  solutions  ranging  from  0-5  to  2-0°/ 
NaCl.  /0 

I  oi  1 1  determinations  carried  out  in  triplicate,  ten  gave  values 
differing  by  no  more  than  2’ 8%  from  the  theoretical  and  one  gave 
6-7%. 

These  figures  were  obtained  using  an  incubator  heated  from  the 
bottom,  better  results  are  anticipated  when  an  incubator  heated 
also  from  the  sides  is  used. 

Notes  on  the  method. 

(1)  It  is  a  very  curious  fact  that  when  the  fluid  concentration 
falls  below  a  value  corresponding  to  1%  NaCl  (present  in  the  outer 
chamber)  there  is  more  than  the  theoretical  loss  of  water.  The 
reason  for  this  is  not  clear,  but,  as  will  be  seen,  it  does  not  prevent, 
exact  determinations  carried  out  as  above. 

(2)  When  beyond  1%  and  up  to  2%  with  the  above  method  the 
gain  of  water  is  likewise  less  than  the  theoretical,  the  process  being 
probably  incomplete  up  to  2%  NaCl  (or  similar  concentration  of 
other  substance)  in  the  sample. 

(3)  The  accuracy  of  the  determination  depends  on  the  uni¬ 
formity  of  heating  and,  as  above  noted,  an  incubator  heated  from 
the  sides  as  well  as  the  bottom  is  advisable. 

(4)  A  capillary  pipette  may  be  used  for  delivering  the  fluid  for 
examination  into  the  cups  and,  provided  the  amount  lies  between 
3  and  4  milligrams,  it  is  sufficiently  accurate,  since  the  actual 
amount  is  then  weighed. 

B.  SEPARATION  OF  CRYSTALS  AND  “  GUMS  ” 

BY  MICRODIFFUSION 

This  account  of  the  separation  of  crystals  and  gums  follows 
closely  that  given  by  A.  L.  Bacharach  in  the  Analyst  (1947). 

The  principle  as  first  used  by  F.  Tutin  involved  the  separation 
of  ‘  gums  ’  from  crystals  on  a  porous  plate,  using  a  solvent  but 
not  wetting  the  mixture  with  the  solvent  (Fig.  56). 
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In  the  original  technique  a  fragment  of  unglazed  plate  or  tile 
from  about  1  to  6  sq.  cm.  in  area  and  of  any  outline,  but  prefer¬ 
ably  as  flat  as  possible  was  used.  On  this  fragment  a  quantity  of 
the  mixed  crystals  and  gum  is  uniformly  spread,  in  a  layer  a  few 
mm.  thick  and  the  fragment  is  laid  (as  in  Fig.  56)  on  a  smooth 
surface,  such  as  a  glazed  tile  or  a  sheet  of  glass. 

‘  An  ordinary  glass  funnel  is  inverted  over  the  fragment,  w  ith 
the  stem  upwards  and  open  to  the  air.  Solvent  from  a  w  ash- 
bottle  is  then  blown  round  the  outside  of  the  funnel  where  this 
makes  contact  with  the  smooth  tile  or  glass,  so  as  to  give  a  sealing 
ring  of  solvent.  When  this  has  evaporated  beyond  a  certain 


Fkj.  56.  Separation  of  4  gums  ’  and  crystals,  older  method 
(from  Bacharach,  1947.  Courtesy  of  the  Analyst). 


point,  the  ring  will  be  broken  and  must  be  replenished  with  more 
solvent.  It  will  be  found  that  after  a  comparatively  short  time, 
depending  on  the  solvent  chosen  the  relative  amounts  of  gum  and 
crystals  and  so  on,  the  gum  has  penetrated  into  the  porous  plate, 
leaving  the  crystals  more  or  less  “  high  and  dry  ”  on  the  surface 
and  ready  for  further  manipulative  treatment.’ 

For  further  purification  ordinary  recrystallisation  may  then  be 
applied.  Also  the  gummy  material  (which  may  be  of  special 
interest)  can  be  extracted  in  a  Soxhlet  or  other  suitable  apparatus. 

The  loss  of  solvent  and  the  need  for  continuous  attention  in  its 
replacement  with  consequent  interruption  of  the  procedure 
overnight  are  disadvantages.  These  are  avoided  by  the  use  of 

the  standard  microdiffusion  unit  or  of  a  macro  unit  based  on  the 
same  principle. 
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BacharacKs  procedure  with  the  standard  unit. 

This  is  exemplified  by  the  separation  of  carotene  crystals  from 
some  commercial  ‘  carotene  paste  Spread  on  a  tile  the  paste  is 
placed  in  the  central  chamber  of  the  unit,  and  a  little  acetone 
introduced  into  the  outer  chamber,  the  unit  being  sealed  in  the 
usual  way.  Almost  complete  separation  is  obvious  in  24  hours  or 
less,  without  any  attention  for  replacement  of  solvent. 

i  or  work  on  a  larger  scale  Bacharach  suggests  an  arrangement 
of  two  glass  flat-bottomed  evaporation  dishes,  one  inside  the 
other,  with  an  annular  space  between,  to  give  what  is  in  effect  a 
macro  unit  which  can  be  taken  apart.  Ether  was  found  more 
rapid  and  effective  than  acetone  in  ‘  forcing  5  the  gum  into  the 
plate,  although  evaporation  losses  with  this  set-up  may  relatively, 
as  well  as  absolutely,  be  rather  greater  than  with  the  standard 
microdiffusion  unit  (No.  1). 

Three  or  four  such  arrangements  of  two  dishes  and  pieces  of  tile 
of  about  10  sq.  cm.  would  probably  suffice  for  the  overnight 
separation  of  a  gram  or  more  of  carotene. 

It  is  pointed  out  that  such  microdiffusion  procedure  provides  a 
simple  and  rapid  method  for  separating  crystalline  material  from 
a  more  or  less  viscous  fluid.  Recrystallisation  of  such  mixtures 
directly,  with  a  view  to  isolating  the  crystalline  material,  may  in¬ 
volve  very  appreciable  losses,  and  possibly  a  tedious  process  of 
evaporation  if  the  crystals  happen  to  dissolve  in  the  chosen  solvent. 


CHAPTER  XXXV 


SOME  CONSIDERATIONS  ON  QUALITATIVE  MICRO¬ 
DIFFUSION  ANALYSIS 

The  microdiffusion  ‘  units  ’  may  be  used  for  various  qualitative 
tests,  arising  out  of  the  quantitative  methods  described.  Thus 
the  absorption  of  ammonia  in  the  central  chamber  may  be  ob¬ 
served  by  the  change  in  colour  of  a  very  weak  acid  solution  con¬ 
taining  the  methyl  red-methylene  blue  indicator,  or  of  the  boric 
acid  reagent  with  indicator  as  described  in  Chapter  X.  Carbon 
dioxide  may  be  tested  for  by  absorption  into  barium  hydroxide 
solution  producing  a  white  precipitate,  which  may  be  made  very 
delicate  by  using  the  No.  2  ‘  units  The  halogens  may  be  quali¬ 
tatively  examined  by  observing — as  occurs  in  the  methods  de¬ 
scribed — the  yellowing  of  the  solution  in  the  central  chamber. 
The  discrimination  between  chlorides,  bromides  and  iodides  can  be 
carried  out  in  a  manner  readily  deducible  from  the  quantitative 
description. 

Other  tests  that  may  be  performed  in  this  way  are  as  those 
used  by  Rossler  as  described  below  ;  namely,  the  detection  of 
sulphite  by  iodine-starch  solution,  nitrate  by  potassium  iodide, 
sulphide  by  lead  acetate,  etc. 

In  an  article  on  “  The  Application  of  Diffusion  to  Micro- 
Analysis,”  Wyatt  gives  an  account  of  certain  early  work  on  the 
identification  of  gases  by  diffusion.  Rossler  found  that  by  the 
use  of  such  apparatus  as  A  (Fig.  57)  it  is  possible  to  detect  0-02  mg. 
C02.  He  placed  the  sample  at  a  and  suspended  a  drop  of  baryta 
water  at  the  base  of  the  upper  tube  b,  the  outer  tube  being 
then  dipped  in  acid.  Rossler  also  used  this  apparatus  for  the 
tests  mentioned  above. 

From  Wyatt’s  account  it  will  be  seen  that  various  modifications 
of  Rossler ’s  apparatus  have  been  proposed,  of  which  the  simplest 
is  probably  that  due  to  Molisch  (1921)  as  described  by  Emich 

(1932).  In  this  a  small  cylinder  cut  from  a  glass  tube  (ends  ground 
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plane  and  parallel)  rests  on  a  glass  slide  and  supports  another  as  in 
Tig.  57  B,  which  may  also  be  replaced  by  a  cover  glass.  The 
absorbing  drop  is  at  position  b  and  the  reactant  at  a.  The 
arrangement  has  been  improved  by  Mayrhofer’s  inclusion  of  a 
capsule  a  ( G ,  Fig.  57),  to  contain  the  reactants,  spray  being 
retained  by  a  glass  cover  on  a  with  four  holes  for  the  passage  of 
the  gas  or  \  apour.  A  piece  of  filter  paper  has  been  re'commended 
for  this  purpose  by  other  authors. 


Fig.  57.  Cells  for  qualitative  microdiffusion  analysis  (from  Wyatt’s 
article  in  Metallurgia,  1944,  p.  329). 


Feigl  and  Krumholz  (1929)  used  an  arrangement  as  in  D.  A 
similar  arrangement  had  been  proposed  by  Emich  in  which  a 
small  test  tube  is  closed  by  a  cork  carrying  a  platinum  wire  loop  to 
hold  the  absorbing  solution. 

In  D  (Fig.  57)  the  cork  is  replaced  by  a  ground  glass  joint,  and 
the  wire  loop  by  a  glass  tube  ending  in  a  small  bulb. 

E  is  another  variant  due  to  Feigl  (1937),  while  F  is  useful  for  the 
recognition  of  gases  and  vapours  by  their  action  on  test  papers. 
These  are  laid  on  the  small  ground-in  funnel. 

Such  apparatus  has  been  found  useful  in  the  qualitative  testing 
of  gases  and  vapours.  On  the  quantitative  side  the  early  work  of 
Schlosing  and  Shaffer  has  been  referred  to  in  Chapter  II.  The 
fundamental  principles  of  the  method  at  that  time  were  not 
worked  out  and  it  was  abandoned.  In  some  designs  of  apparatus 
it  was  again  approached  but  the  transfer  was  thought  of  essenti- 
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ally  as  a  distillation  (or  as  a  passage  of  water  in  which  the  vapour 

was  entrapped)  and  not  a  diffusion. 

In  the  following,  an  account  is  given  of  fine  qualitative  testi  g 

for  acetone  and  alcohol,  elaborated  by  Fearon  and  Webb  (1936) 
and  using  the  standard  ‘  unit  The  description  follows  closely 
their  account  in  the  Analyst  (1936). 


The  micro -detection  of  acetone  and  alcohol. 

Fearon  and  Webb’s  procedure.  Acetone.  Two  ml.  of  Nessler  s 
reagent  are  placed  in  the  inner  compartment  of  the  ‘  unit  ’  and 
2  to  3  ml.  of  the  solution  under  examination  are  placed  in  the 
outer  compartment.  The  solution  must  be  slightly  acid  in  order 
to  prevent  the  escape  of  any  ammonia  that  may  be  present. 

The  apparatus  is  closed,  kept  at  room  temperature  or  incubated 
at  50°  C.  The  presence  of  acetone  is  shown  by  the  appearance  of 
a  pale  yellow  precipitate  with  Nessler’s  reagent.  The  method  is 
extremely  delicate.  Acetone  concentrations  down  to  0-01  per  cent, 
give  a  reaction  in  less  than  a  minute.  At  0-002  per  cent,  the  re¬ 
action  is  perceptible  in  about  5  minutes,  and  0-0005  per  cent,  of 
acetone  is  detectable  within  an  hour.  When  tested  in  this  way 
samples  of  normal  urines  yield  no  precipitate  even  after  remaining 
for  12  to  24  hours.  If,  however,  a  specimen  of  normal  urine  be 
strongly  acidified  with  concentrated  hydrochloric  acid  before  being 
placed  in  the  ‘  unit  ’,  a  precipitate  appears  within  a  couple  of  hours 
when  incubated  at  50°  C.  This  was  found  to  be  due  to  the  libera¬ 
tion  of  volatile  mercaptans — a  contingency  overlooked  by  some  of 
the  previous  workers  who  used  Nessler’s  reagent  as  a  test  for 
acetone  in  urine  (Deniges,  1930).  For  this  reason,  the  urine  should 
be  acidified  with  a  minimal  quantity  of  dilute  acid.  When  the 
solution  under  examination  contains  large  quantities  of  acetone 
the  precipitate  in  the  Nessler  reagent  gradually  redissolves  in  the 
excess  of  absorbed  acetone  vapour. 


Alcohol. 

Two  ml.  of  a  solution  of  2  per  cent,  potassium  chromate  in  nitric 
acid  previously  diluted  (1:2)  are  placed  in  the  inner  compartment 
and  2  ml.  of  the  liquid  under  examination  are  placed  in  the 
outer  compartment  of  the  apparatus.  The  ‘  unit  ’  is  incubated  at 
50  C.  and  the  presence  of  alcohol  is  shown  by  the  development  of 
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iSLS’SJ. the  reagent  as  shown  by  w- R- Fearon  and  D- M- 

The  mtro-chromic  reaction  is  very  delicate,  and  with  a  suitable 
dilution  of  the  reagent  will-as  shown  by  Webb-detect  the 
alcohol  in  0-1  ml.  of  a  0  025  per  cent,  solution  after  24  hours’  dif¬ 
fusion  (1933).  Under  these  conditions,  all  specimens  of  normal 

urine  examined  showed  the  presence  of  minute  quantities  of 
alcohol. 

The  nitro-chromic  reaction  is,  of  course,  not  specific  for  ethyl 
alcohol,  but  responds  to  any  compound  containing  the  — CH  .  OH 
group.  The  reagent  was  originally  shown  by  C.  Ainsworth  Mitchell 
to  react  to  the  presence  of  formaldehyde  (1896),  and  for  this  reason 
the  solution  to  be  tested  for  alcohol  should  be  treated  previously 
with  an  excess  of  5  per  cent,  silver  nitrate  and  20  per  cent,  sodium 
hydroxide  to  destroy  any  formaldehyde  that  may  be  present. 


PART  Ill 


THE  ERROR  OF  VOLUMETRIC  TITRATION 


CHAPTER  XXXVI 

INTRODUCTORY 

The  error  of  volumetric  titration  is  a  composite  of  the  glass  and 
the  chemical  errors,  each  of  which  is  in  turn  divisible  into  a 
constant  and  a  variable  error. 

It  is  necessary  to  define  exactly  what  is  meant  by  these  two 
kinds  of  error — constant  and  variable. 

We  may  take  for  example  a  10  ml.  pipette.  Such  a  pipette  is 
made  to  deliver  10  ml.  at  some  standard  temperature  and  with 
certain  conditions  of  delivery  and  drainage.  The  constant  error 
may  be  defined  as  the  deviation  from  10  ml.  of  the  mean  of  a  large 
number  of  deliveries  at  the  standard  temperature  and  under  the 
stated  conditions.  The  variable  error,  on  the  other  hand,  may  be 
defined  as  the  standard  deviation  of  any  single  delivery  from  the 
mean  of  a  large  number. 

The  total  constant  error  of  volumetric  titration  will  be  the 
arithmetical  sum  of  the  constant  errors  of  the  glass  ware  plus  the 
chemical  error  expressed  in  the  same  units.  The  total  variable 
error  as  considered  below  is  not  the  simple  summation  of  the 
different  variable  errors. 

The  manner  of  expressing  the  variable  error.  With  uniform 
temperature  and  mode  of  delivery  vre  shall  suppose  that  the  indi¬ 
vidual  deliveries  from  a  pipette  are  weighed  up  to  a  large  number, 
the  mean  taken  and  the  results  grouped  in  small  regular  intervals 
around  this  mean  value. 

If  the  number  falling  within  these  intervals — as  percentages  of 
the  whole  number  observed— are  plotted  against  the  midpoint 
of  the  intervals,  we  shall  obtain  a  succession  of  points  falling  more 
or  less  closely  along  a  special  kind  of  curve  as  in  Fig.  58. 
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This  curve  is  described  by  the  equation 

/  -0-  5— 

Vxly  o  =  e 


(33) 


where  y,  is  any  ordinate  and  ya  is  the  ordinate  at  x  =  0,  at  which 
point  we  may  consider  the  position  of  the  arithmetical  mean  to 
lie.  The  standard  deviation  is  given  by  a,  and  x  is  any  deviation 
from  the  mean.  The  standard  deviation  for  any  distribution  may 
be  obtained  by  summing  the  squares  of  all  the  deviations  from  the 
mean,  dividing  by  N  the  number  of  observations  and  extracting 
the  square  root.  This  may  be  written 


(34) 


When  the  number  of  observations  is  small  (less  than  20)  N  is 
replaced  by  (N  -  1)  in  this  equation. 

Fig.  58  is  known  as  the  normal  curve ,  or  the  curve  of  error ,  and 
its  theoretical  derivation  will  be  found  described  in  text-books  on 
statistics.  The  area  under  the  curve  in  Fig.  58  may  be  considered 
to  represent  the  total  number  of  observations  and  the  area  under 
any  section  as  the  number  falling  within  the  corresponding  range 
of  deviation.  Normal  curves  of  error  of  the  kind  we  are  con¬ 
sidering,  distributed  symmetrically  around  the  mean  value,  are 
defined  only  by  the  standard  deviation  and  the  magnitude  of  the 
mean,  but  by  the  standard  deviation  only  when  the  mean  is  taken 
as  the  unit  of  measurement. 

The  variable  error,  here  defined  as  the  standard  deviation  of 
an  observation  from  the  mean,  is  not  confined  to  normal 
distributions,  but  with  the  latter — to  which  the  total  vari¬ 
able  error  of  titration  will  correspond  reasonably  well — it  is 
always  possible  to  say  what  chances  there  are  of  an  observation 
falling  outside  a  given  multiple  of  the  variable  error  or  standard 
deviation. 

The  variable  error  so  defined  has  certain  properties  of  which  the 
following  are  practically  important. 

(1)  Variable  errors  are  uncorrelated  except  in  certain  special  in¬ 
stances  and  will  add  not  as  their  sum  but  as  the  square  root  of  the  sum 
of  their  squares.  As  an  illustration,  if  we  were  to  take  the  sum  of 
two  successive  deliveries  from  a  25  ml.  pipette  with  a  variable 
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error  for  the  single  delivery  of  6-5  c.mm.,  the  variable  error  of  the 
sum  is  not  1 3-0  c.mm.  but  9-2  ( =  x  6-5).  In  general 

CTs2  =  CTl2+a22+ay!  +  ...  .  (35) 

(For  the  proof  of  this  equation  for  uncorrelated  deviations  the 
reader  is  referred  to  statistical  text-books.) 

The  equation  is  valid  for  any  type  of  distribution  of  the  devia¬ 
tions,  but  requires  that  one  distribution  should  be  uncorrelated 
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Fig.  58.  The  curve  of  ‘  normal  ’  distribution.  The  mean  is  taken  as 
zero,  and  x  is  any  deviation  from  the  mean,  a  being  the  standard  devia¬ 
tion.  The  first  dotted  lines  from  the  zero  position  represent  -=  ±0-674 
or  *=  the  probable  error.  Curve  from  equation  (33)  (y0=  l-oj! 


with  the  other,  or  that  the  chance  of  one  deviation  occurring  in  a 
particular  procedure  should  not  influence  the  chances  of  a  devia¬ 
tion  in  a  second  procedure. 

That  the  pipetting  of  one  volume  will  not  affect  the  distribution 
in  the  pipetting  of  another  volume  is  obvious  enough,  but  that  a 
pipette  deviation  should  not  influence  the  chances  of  a  special 
burette  deviation  is  not  so  clear,  but  may  be  presented  thus  If 
we  were  to  suppose  that  the  burette  delivered  with  complete 
accuracy,  then  the  distribution  of  its  delivery  on  titrating  would 
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follow  exactly  that  of  the  pipette — when  expressed  in  equivalents. 
When,  however,  the  burette  delivers  with  an  error  of  its  own  this 
latter  will  add  quite  independently  of  the  first  error  and  will  be 
uncorrelated.  The  total  error  as  expressed  by  the  burette  readings 
will  then  be  the  sum  of  two  uncorrelated  errors  and  their  addition 
will  be  expressed  by  equation  (35). 

Similarly  factors  causing  the  variable  chemical  error  will  be  un¬ 
correlated  with  those  causing  the  variable  glass  error. 

(2)  The  variable  error  as  defined  above  can  be  treated  with  a  pre¬ 
cision  similar  to  that  of  the  constant  error. 

To  translate  the  variable  error  so  expressed  into  actual  limits, 
we  may  consider  that  the  total  error  of  titration  will  be  sufficiently 
close  to  a  normal  curve  of  distribution  that  the  properties  of  this 
curve  can  be  applied.  We  have  then  the  following  data  : 


Table  XVII 


Range  of 
variable  error 
(aJcr.i). 

%  of  total 
obs.  falling 
outside  range. 

Chances  of 
an  obs.  falling 
outside  range. 

1-5 

13-4 

1  in  7-5 

20 

4-5 

1  in  22 

2-5 

1-4 

1  in  70 

30 

0-27 

1  in  370 

3-5 

0  046 

1  in  2,180 

40 

0006 

1  in  16,700 

Plus  or  minus  twice  the  standard  deviation  or  variable  error, 
which  includes  95%  of  the  distribution,  may  be  taken  as  the  prac¬ 
tical  limit  of  the  range  in  titration  (apart  from  the  constant  error). 
Three  times  the  standard  deviation  may  be  regarded  as  covering 
all  the  possibilities,  for  it  is  to  be  noted  that  the  curve  of  error  here 
will  not  exactly  correspond  to  the  normal  ;  it  will  be  caused  by  a 
limited  number  of  factors  which  are  not  themselves  expressible  in 
their  variability  by  normal  curves,  but  rather,  perhaps,  by  rect¬ 
angular  distributions. 

For  this  reason,  very  small  theoretical  chances  from  the  normal 
curve  are  to  be  taken  as  in  fact  equivalent  to  zero  chance  ;  and 
it  is  likely  that  by  altering  our  scale  of  limits  this  has  a  general 
application  in  nature.  One  obvious  rectangular  distribution  we 
shall  deal  with  here  is  that  of  the  drop  or  end-point  emergence. 
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Summation  of  a  rectangular  and  a  normal  distribution.  This 
is  considered  as  occurring  around  the  same  mean  and  from  un¬ 
correlated  factors.  Occasionally  a  distribution  can  be  of  a 
rectangular  instead  of  a  normal  kind.  Such  a  distribution  of  error 
could  arise,  for  example,  if  every  other  error  were  removed  in 
macro -titration  except  that  arising  from  the  size  of  the  drop  at  the 
end-point.  Over  the  whole  range  of  the  distribution  there  exists 
the  same  probability  of  an  individual  observation  falling. 

The  standard  deviation  of  such  rectangular  distributions  is 
given  by  7 

<Tr=7Tl’  (36) 


where  l  is  the  length  of  the  rectangle.  The  standard  deviations  of 
these  rectangular  distributions  add  exactly  as  those  of  the  normal 
distributions.  We  have  again 

as2=ar2  +  a12  +  CT22-f ...  ,  (37) 

where  o>  is  the  standard  deviation  of  the  rectangular  distribution. 
The  only  disability  that  can  arise  in  our  treatment  of  the  rect¬ 
angular  distribution  is  that  we  could  no  longer  say  that  95-5%  of 
the  observations  would  be  included  in  ±2  x  the  standard  devia¬ 
tion,  though  even  here  it  may  be  noted  that  all  observations  in  the 
rectangular  distribution  are  included  in  ±1-73  x  the  standard 
deviation.  However,  the  summation  of  rectangular  distributions 
of  uncorrelated  deviations  around  a  mean  very  rapidly  approaches 
the  normal  curve.  As  will  be  seen  from  Fig.  59,  it  is  close  to  it 
after  three  similar  summations  around  the  mean,  which  in  each 
case  is  represented  in  the  figure  as  10.  Since  in  actual  titrations 
the  rectangular  distribution  of  the  end-point  emergence  will  add  to 
the  reading  error  and  to  the  delivery  error  when  the  latter  is  rela¬ 
tively  appreciable,  as  also  to  the  pipette  error,  and  possible  variable 
chemical  error  (each  of  which  is  either  a  normal  curve  or  similar 
thereto),  it  will  be  seen  that  the  properties  of  the  normal  curve 
may  be  applied  in  general  to  titration  results. 

Summation  of  the  variable  glass  errors  of  pipette  delivery  and 
burette  titration.  All  the  variable  errors  in  the  titration  pro¬ 
cedure  are  finally  registered  as  burette  volumes.  If  we  had  no 
special  burette  error  the  burette  readings  would  follow  the  varia¬ 
tions  of  the  pipette  delivery,  but  as  equivalent  volumes.  If  the 
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burette  solution  were  twice  as  concentrated  as  the  pipetted  solu¬ 
tion  the  volume  variations  observed  would  be  only  half  those  of  the 


10 


Fig.  59.  Curves  showing  the  summation  of  equal  and  uncorrelated 
rectangular  distributions  around  the  mean.  The  triangle  gives  the 
addition  of  two  such.  The  dotted  line  is  a  curve  of  normal  distribution 
with  standard  deviation  a  little  greater  than  the  companion  curve  for 
the  summation  of  three  rectangular  distributions. 


pipette.  In  general  if  av  is  the  variable  error  of  the  pipette  de¬ 


V 


livery,  this  will  appear  as  a  burette  volume  of  ap  .  If  then  ab  is 


the  special  variable  error  of  the  burette  itself  we  have  the  total 
variable  error  as  given  by  the  equation  : 


a 


V 

v  y 


b-)  +  M 


,2  2 


(38) 


or  (^X100)2+(^X100)2=(^X  100)2,  (39) 

from  which  it  appears  that  the  pipette  and  the  burette  errors  can  be 

added  as  coefficients  of  variation. 

Also  by  multiplying  the  equation  (38)  across  by  c62  (c6  =  burette 

concentration),  we  obtain 

(oPcp)2  +  (<Jbcb)2  =  M\  (40) 

so  that  the  variable  errors  may  also  be  added  as  equivalents. 

In  a  similar  way  the  variable  chemical  error  which  becomes 
appreciable  when  the  end-point  lacks  definition  with  dilute 
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solutions— is  read  as  a  burette  volume  with  uncorrelated  pipette 
and  special  burette  errors,  the  three  summing  as  equivalents  or 
coefficients  of  variation. 

A  numerical  effect  of  variable  errors  adding  as  the  square  root 

of  the  sum  of  their  squares.  If  two  variable  errors  are  added, 
one  of  which  is  half  the  other,  the  addition  gives 

Vct2  +  (0-  5<j)2  =  J  1 •  25o*  =  M  2a,  (41) 

the  first  error  being  increased  only  12%  by  the  addition.  Simi¬ 
larly  if  the  second  error  is  one-third  or  one-fourth  the  first  the 
addition  gives  an  increase  of  only  5  and  3%  respectively.  In  the 
treatment  of  small  variable  errors  in  general,  one  may  neglect  those 
constituent  errors  the  sum  of  which  is  less  than  one-third  {or  even  less 
than  one-half )  the  whole  error. 

Precision  in  the  estimate  of  the  variable  error  from  small 
numbers.  So  far  we  have  been  considering  variable  errors  deter¬ 
mined  from  distributions  so  numerous  that  no  appreciable  error 
occurred  in  the  determination  of  the  standard  deviations.  For  the 
small  numbers  with  which  it  is  here  only  practicable  to  work — 
groups  of  25  in  general — the  error  in  the  determination  of  the 
standard  deviation  is  appreciable.  It  becomes  of  no  importance, 
however,  when  a  multiple  of  the  standard  deviation  or  total  vari¬ 
able  error  is  taken  in  the  assignment  of  limits,  since  for  such  limits 
we  may  take  twice  or  three  times  the  variable  error  according  to 
our  convention.  The  error  in  the  determination  of  the  standard 
deviation  of  a  normal  distribution,  and  expressed  itself  as  a 
standard  deviation,  is  given  by  the  equation 


J2N 


(42) 


For  25  results,  therefore,  this  amounts  to  01 4a.  Hence  two 
variable  errors,  determined  each  for  25  observations  and  one  of 
which  is  1-28  times  the  other,  while  very  probably  different  (the 

odds  being  about  20  to  1  in  favour),  cannot  be  regarded  as  very 
significantly  so.  J 

In  the  subsequent  account,  all  variable  errors  mentioned  as  actual 
figures  have  been  determined  on  distributions  of  about  25.  To  avoid 
undue  repetition  of  the  plus  and  minus  sign  and  of  the  associated 

error,  this  lias  been  omitted,  but  is  to  be  understood  as  existing 
throughout  the  discussion. 


CHAPTER  XXXVII 

THE  VARIABLE  GLASS  ERROR 
THE  PIPETTE 

In  delivering  fluid  from  a  pipette  of  ordinary  type,  with  or  without 
bulb,  the  chief  sources  of  the  variable  error  are  the  variation  in  the 
amount  of  fluid  left  behind  on  the  walls,  the  variable  adhesion  of 
droplets  to  the  delivery  tip  and  the  error  in  the  adjustment  of  the 
meniscus  to  the  mark.  This  last  error  is  usually  negligible  compared 
with  the  others.  For  example,  using  a  2  ml.  standard  pipette,  a 
range  of  ±  1  mm.  variation  of  the  meniscus  could  be  allowed  before 
producing  a  10%  effect  on  the  total  standard  deviation  of  the 
pipette  delivery.  The  meniscus,  however,  could  be  adjusted  to 
within  one-tenth  of  this  range. 

Through  the  whole  range  of  'pipettes ,  of  usual  standard  type,  or 
simple  straight  tube,  the  meniscus  adjustment  to  the  mark — provided 
this  is  carefully  done  and  against  a  uniform  background — will  be 
therefore  regarded  as  a  negligible  factor  in  the  variable  pipette  error. 

(A  note  on  the  syringe  pipettes  is  given  towards  the  end  of  the 
chapter.) 

The  second  error  source  mentioned— arising  from  adhesion  of  drop¬ 
lets  to  the  delivery  tip — is  important  in  the  case  of  micro-pipettes, 
and  may  produce  a  relatively  large  increase  in  the  error  if  not  provided 
against  by  a  fine  delivery  tip  or  nozzle. 

Determination  of  the  total  variable  error  of  a  pipette  delivery. 

The  determinations  recorded  here  have  all  been  obtained  with 
pipettes  cleaned  in  the  usual  wray  by  soaking  overnight  in  strong 
sulphuric  acid  and  bichromate  mixture,  well  rinsed,  and  treated  as 
a  rule  with  absolute  alcohol  and  ether  before  drying  in  an  air 
current  or  in  the  oven. 

The  error  was  obtained  using  the  pipette  as  if  m  an  actual  de¬ 
livery  for  analytical  purposes,  the  filling  being  done  by  sucking 
and  the  volume  controlled  to  the  mark  by  the  index  finger.  For 
efficient  control  of  the  meniscus  it  may  be  mentioned  that  the 
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finger  should  be  slightly  moist,  neither  very  dry  nor  definitely 
wet. 

The  fluid  was  sucked  to  a  little  above  the  mark,  the  pipette  tip 
removed  from  the  fluid  and  the  meniscus  allowed  to  descend  slowly 
to  the  line — against  a  uniform  background  with  the  eye  at  the 
meniscus  level.  The  tip  of  the  pipette  was  then  touched  against 
the  glass  wall  of  the  vessel  containing  the  stock  fluid,  and  the 
pipette  quickly  turned  into  the  horizontal  position,  the  outer  glass 
surface  at  the  end  of  the  pipette  being  cleaned  with  a  little  clean 
filter  paper.  The  fluid  in  the  pipette  was  then  allowed  to  run  free 
into  a  large  tared  weighing  bottle,  the  pipette  being  vertically  held 
with  the  tip  above  the  fluid  in  bottle.  The  instant  the  flow  ceased 
was  noted  and  subsequently  either  of  the  following  procedures  was 
at  first  tried  : 

(а)  The  tip  was  pressed  against  the  glass  wall  of  the  receiving 
vessel  immediately  on  the  cessation  of  delivery  and  the  drop  blown 
out  sharply,  rotating  the  tip  in  contact  with  the  glass  and  immed¬ 
iately  withdrawing. 

(б)  The  tip  was  held  for  15  seconds  against  the  wall  of  the  con¬ 
tainer,  the  latter  being  held  so  that  it  was  slightly  slant  to  the 
vertically  held  pipette. 

(c)  The  tip  immediately  after  delivery  was  held  for  15  seconds 
just  touching  the  fluid  received  into  an  originally  dry  container. 

It  was  found  that  no  appreciable  difference  exists  between  (a) 
and  (6),  though  it  is  generally  supposed  that  blowing  out  the  drop 
gives  a  higher  error— e.g.  Kolthoff  (1931),  Schlosser  (1904)  (but 
not  Ostwald,  1902) — and  this  no  doubt  is  true  if  the  drop  be  blown 
out  without  due  regard  to  time  and  without  touching  the  glass 
wall  in  the  manner  indicated.  The  third  method  gave  the  highest 
error,  though  Wagner  has  not  found  it  so  (1898),  and  the  difference 

is  not  so  great  but  that  it  may  be  held  to  come  within  the  samjdino- 
error. 

As  will  be  shown  subsequently,  there  are  definite  reasons  why 
(a)  and  (6)  methods  should  give  practically  identical  results  and 

why  the  third  method  may  be  expected  to  give  a  higher  value  for 
the  variable  error. 

The  investigation  of  the  three  methods  of  delivery  was  carried 
out  chiefly  on  the  25  ml.  standard  pipette,  but  since  method  (a) 
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is  not  inferior  to  (6)  and  has  the  merit  of  saving  time,  it  has  been 
adopted  in  the  systematic  studies  here  recorded.  It  has  been 
found  by  the  author  superior  to  the  second  method  when  using 
micro-pipettes. 

(1)  Method  of  direct  weighing.  In  this  determination  of  the 
variable  error  25  careful  weighings  and  deliveries  are  carried  out, 
and  after  each  delivery  the  fluid  is  removed  by  another  similar 
pipette  and  the  receiving  flask  or  weighing  bottle  weighed  again. 
The  determination  is  always  made  on  a  series  carried  out  in  suc¬ 
cession  and  under  conditions  as  nearly  similar  as  possible.  These 
latter  include  attention  to  uniform  water  temperature,  particu¬ 
larly  necessary  with  large  pipettes.  From  the  weights  of  the  de¬ 
liveries  the  standard  deviation  or  variable  error  is  given  by 


(43) 


where  Ex1  is  the  summation  of  the  squares  of  the  deviations 
( x  values)  from  the  arithmetical  mean,  and  N  is  the  total  number 
of  observations.  The  use  of  (N  -  1)  in  the  denominator  instead  of 
N  as  is  advised  for  small  numbers  is  an  unnecessary  refinement 
with  25  values.  The  variable  error  where  not  given  as  a  coeffi¬ 
cient  of  variation  (%  of  the  mean)  may  be  conveniently  expressed 
in  cubic  millimetres,  which  for  this  purpose  may  be  taken  as 
equivalent  to  milligrams  of  water. 

(2)  Method  of  duplicate  differences.  This  is  a  method  specially 
useful  with  the  smaller  pipettes  and  having  certain  advantages. 
Two  similar  weighing  bottles  of  rather  large  size  (30  ml.  or  more) 
provided  with  stoppers  are  balanced  exactly  one  on  each  pan  of 
the  analytical  balance.  A  pipette  delivery  is  then  made  into  each 
in  turn  and  the  two  bottles  again  balanced,  the  difference  in  weight 
being  accurately  noted.  This  difference  for  the  25  ml.  pipette,  for 
example,  will  rarely  exceed  20  milligrams.  A  number  of  such 
observations  are  made  and  the  standard  deviation  of  the  single 
delivery — the  variable  error — is  determined  from  the  formula, 


a  = 


(44) 


where  x  is  here  the  difference  between  the  members  of  any  duplicate 
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and  N  the  number  of  duplicates.  The  method  has  the  following 
advantages. 

(a)  The  determination  is  practically  independent  of  small  tem¬ 
perature  changes  and  a  series  may  be  interrupted  for  any  length 
of  time. 

(b)  It  is  uninfluenced  by  small  errors  in  the  larger  weights  if 
such  errors  exist— and  the  differences  are  generally  covered  by  the 
rider  on  the  milligram  scale.  For  demonstration  of  the  variable 
error  to  students  it  is  particularly  illustrative. 

(3)  Method  of  titration.  This  method  may  be  used  for  very  small 
pipettes,  such  as  the  0-1  ml.  For  example,  successive  deliveries  of 
0-1  ml.  of  N/l  hydrochloric  acid  are  made  from  such  a  pipette  and 
titrated  with  IV/ 10  carbon  dioxide-free  alkali  from  a  standard  2  ml. 
Bang  burette.  A  similar  series  is  carried  out  delivering  1  ml.  of 
N( 10  hydrochloric  acid  and  titrated  in  the  same  way.  The  follow¬ 
ing  equation  then  applies 

VP?-VPt2=Vr?-Vr?,  (45) 

or  the  difference  of  the  squares  of  the  coefficients  of  variation  for 
the  0-1  and  the  1-0  ml.  pipettes  is  equal  to  the  difference  between 
the  squares  of  the  coefficients  of  variation  for  the  two  sets  of 
titrations.  This  must  be  true  since  every  other  factor  in  the  two 
groups  of  titrations  is  the  same  apart  from  the  pipette  errors.  At 
such  concentrations  also  the  variable  chemical  error  does  not 
enter. 

From  the  coefficient  of  variation  so  determined  ( vVi )  the  standard 
deviation  in  c.mm.  is  obviously  given  by 

aVl  =  \dVvVii  (46) 

where  I  is  the  mean  volume  of  the  delivery  in  ml. 

Such  a  method  gives  the  variable  error  of  the  total  pipette  de¬ 
livery  into  a  vessel.  As  mentioned  above,  small  pipettes  may 
show  a  comparatively  large  increase  in  error  due  to  adhesions  of 
minute  droplets  to  the  external  wall  of  the  delivery  tip.  This  is 
prevented  by  the  use  of  fine  delivery  tips. 

The  variable  pipette  error  obtained  by  the  above  methods. 

The  error  with  conventional  delivery  times.  For  this  the  25  the 
5  and  the  2  ml.  standard  pipettes  were  examined.  The  pipettes 
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W  ere  of  a  type  corresponding  to  the  requirements  of  Class  A  test  in 
the  National  Physical  Laboratory,  the  tip  being  constructed  so 
that  its  terminal  surface  is  at  right  angles  to  the  axis  of  the  tube, 
being  ground  down  for  this  purpose  and  forming  a  superior  finish 
to  the  rounding  off  in  the  blowpipe  flame. 

The  following  table  gives  a  summary  of  the  results  obtained  : 


Table  XVIII 


Pipette. 

Delivery 

time 

sec. 

Internal 
surface 
sq.  cm. 

Variable 

error 

c.mm. 

25  obs. 

Coefficient 

of 

variation. 

25  ml. 

29 

75 

6-3 

0025 

5  ml. 

22 

30 

2-6 

0  052 

2  ml. 

17 

18 

1-8 

0  090 

It  would  appear  from  the  table  that  as  a  working  rule  the  variable 
error  of  the  standard  pipettes  may  be  written  in  c.mm.  as 


<yp=  1'3«JV 

and  the  coefficient  of  variation 


v 


v 


0-13 

7?  ’ 


(47) 


(48) 


V  in  both  equations  being  expressed  as  millilitres.  Also  the  vari¬ 
able  error  may  be  seen  to  go  approximately  as  the  internal  surface. 

The  effect  of  drainage  on  the  variable  error  of  standard  pipettes. 
The  following  table  (Table  XIX)  illustrates  the  results  from 
three  different  kinds  of  procedure  after  delivery — mentioned  at 
the  beginning  of  the  chapter. 


Table  XIX 


Pipette. 

Delivery 

time 

secs. 

Variable 

error 

c.mm. 

(25  obs.). 

Procedure  after  delivery. 

25  ml. 

25  ml. 

25  ml. 

29 

29 

29 

6-3 

6-4 

90 

Drop  blown  out  as  de¬ 
scribed 

15  seconds’  drainage,  tip 
touching  wall 

15  seconds’  drainage,  tip 
touching  fluid 
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From  the  results  in  Table  XIX,  it  would  appear  that  no  appreci¬ 
able  difference  exists  between  the  variable  error  after  blowing  out 
the  drop  immediately  after  delivery,  with  rotation  of  tip  against 
the  glass  wall,  and  the  variable  error  when  15  seconds  drainage 
is  allowed,  with  tip  against  the  wall.  As  will  appear  subsequently 


Delivery  Time 


Fig.  (50.  Drainage  curves  of  a  standard  100  ml.  pipette  from  Stott 
(Volumetric  Glassware,  Witherby,  London). 


this  similarity  is  only  to  be  expected.  On  the  contrary,  the  15 

seconds’  drainage  with  the  tip  touching  the  delivered  fluid  would 

appear  to  cause  an  increase  in  the  variable  error,  this  ehaneins 
from  6-4  to  9-0  c.mm. 

In  Fig.  60,  taken  from  Stott’s  book  on  Volumetric  Glassware 
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(1927),  the  effect  of  drainage  on  the  total  delivery  from  a  100  ml. 
standard  pipette  is  given  for  different  delivery  times.  The  figure 
shows  that  drainage  time  cannot  be  wholly  ignored,  that  is  to  say, 
\\  c  must  proceed  in  relation  to  precise  times  whether  immediately 
after  delivery  or  after  some  stated  period.  Using  15  seconds  with 
the  25  ml.  pipette  the  amount  drained  is  8  c.mm.  or  about 
0-5  c.mm.  per  second.  Since  we  are  not  likely  to  be  out  by  more 
than  one  second — and  scarcely  that  from  one  delivery  to  another 
— when  we  give  zero  drainage,  proceeding  sharply  from  the  end  of 
the  delivery,  it  will  be  seen  that  this  has  no  appreciable  effect  on 
the  variable  error  of  6-5  c.mm.  We  are  more  likely  to  be  in  error 
by  a  few  seconds  when  draining  for  15  unless  this  is  taken  each 
time  from  a  stop-watch. 

The  effect  on  the  variable  error  of  altering  the  delivery  time. 

The  delivery  time,  the  internal  surface  and  the  bore  of  the  tube  are  the 
three  chief  determining  influences  on  the  amount  of  fluid  left  on  the 
walls  and  in  consequence  on  the  variable  error.  The  effect  of  the 
tube  boring  will  be  best  considered  when  dealing  with  deliveries 
from  straight  tubes  and  consequently  in  the  burette  chapter. 
Before  proceeding  to  the  relation  between  the  variable  error  and 
the  fluid  on  the  walls — the  underlying  relationship  for  glassware 
delivery — the  general  effect  of  altering  the  delivery  time  from 
pipettes  may  be  seen  from  the  following  table. 


Table  XX 


Pipette. 

Delivery 

time 

sec. 

Variable 

error 

c.mm. 

Coefficient 

of 

variation. 

25  ml.  std. 

290 

6-3 

0025 

25  ml.  std. 

50 

12-4 

0050 

1  ml. 

2-5 

1-3 

0130 

1  ml. 

<10 

2-6 

0-258 

0-73  ml. 

400 

0-21 

0-029 

0-73  ml. 

50 

0-70 

0-096 

0-73  ml. 

<10 

3-53 

0-483 

The  1  and  0-7  ml.  pipettes  were  simple  straight  tube  pipettes 
made  in  the  laboratory.  In  the  table  is  illustrated  the  surprising 
fact  already  commented  on  in  Chapter  V  and  given  in  Table  III, 
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that  a  simple  straight  tube  0-7  ml.  pipette  (length  from  tip  to 
mark _ 16*5  cm.)  can  be  made  to  deliver  with  the  same  per¬ 

centage  accuracy  as  the  standard  25  ml.  pipette  by  merely  in¬ 
creasing  the  time  of  delivery  or  the  rate  of  fall  of  the  meniscus  (as 
also  by  providing  a  fine  delivery  tip  and  using  the  blow-out  pro¬ 
cedure  at  end  of  delivery  in  the  manner  described  above).  The 
delivery  time  of  the  25  ml.  standard  pipette  (Table  XIX)  was 
diminished  from  29  to  5  seconds  by  filing  the  tip. 

The  relation  between  the  variable  error  and  the  amount  of  fluid 
left  on  the  walls.  This  is  fundamental  to  the  whole  subject  of  vari¬ 
able  error,  and  goes  as  a  simple  proportionality  of  error  to  wall  fluid. 
Provided  the  meniscus  does  not  fall  faster  than  about  15  centi¬ 
metres  a  second  (when  the  variable  error  cannot  be  determined 
with  precision  from  the  rapidity  of  after  drainage),  it  is  found  that 
the  variable  error  (o-^)  and  wall  fluid  ( FP )  are  related  as 

av  =  0-05Fv,  (49) 


both  expressed  as  c.nnn. 

The  relation  is  shown  in  the  following  table  (Table  XXI)  for  the 
0-7  ml.  straight  tube  pipette,  the  1-0  ml.  straight  tube  pipette  and 
the  25  ml.  standard  pipette. 


Table  XXI 


Fluid 

Fluid 

Ratio  : 

Time  of 

on 

per  sq. 

Variable 

Error  1 

Internal 

Length 

delivery 

walls 

cm.  int. 

error 

wall 

Pipette. 

surface. 

cm. 

sec. 

c.mm. 

surf. 

c.mm. 

fluid. 

0-73  ml. 

12-65 

17-2 

40-0 

5-0 

0-40 

0-21 

0-042 

0-73  ml. 

12-65 

17-2 

4-8 

17-4 

1  37 

0-70 

0-040 

1-0  ml. 

14-1 

16-0 

2-5 

29-0 

2-06 

1-30 

0-045 

25  0  ml. 

75-0 

■ — 

20-0 

124-0 

1-65 

6-30 

0-051 

25  0  ml. 

75-0 

* - 

5-0 

268-0 

3-57 

12-4 

0-046 

The  0-73  and  1-0  ml.  are  straight  tube  pipettes. 


It  appears  from  the  table  that  the  relation  holds  as  closely  as 
may  be  expected  from  5-0  c.mm.  on  the  wall  of  the  0-73  ml.  pipette 
to  268  c.mm.  on  the  wall  of  the  25  ml.  pipette  ;  or  from  0-40  to 
S'57  c.mm.  per  square  centimetre  internal  surface. 

When  the  delivery  time  is  very  rapid— more  than  10  cm 
meniscus  fall  per  second  in  the  simple  tube  pipette-the  proper- 
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tion  of  variable  error  to  wall  fluid  tends  to  rise  owing  to  the  very 
rapid  after  drainage. 

Relation  of  wall  fluid  to  delivery  time.  The  wall  fluid  was 
determined  after  delivering  N/l  hydrochloric  acid  in  the  usual 
way,  taking  care  not  to  fill  the  pipette  appreciably  above  the 
mark.  Immediately  after  the  delivery  the  drop  of  fluid  in  the  tip 
was  blown  out  as  already  described  and  the  pipette  then  held 
horizontally  and  the  external  surface  carefully  wiped.  The  pipette 
was  then  rinsed  five  times  with  about  one-third  its  volume  of  dis¬ 
tilled  water  each  time,  the  washings  collected  and  titrated. 

There  was  no  difference  found  between  normal  sulphuric  and 
normal  hydrochloric  acid  with  respect  to  the  amount  left  on  the 
walls.  With  one  25  ml.  standard  pipette  five  determinations  with 
each  acid  gave  112  c.mm.  left  on  the  walls  at  room  temperature 
(18-8°  C.),  26  seconds  being  taken  with  this  pipette  for  the  delivery 
time.  It  may  be  noted  that  Schloesser  (1906)  got  only  0-003  ml. 
less  delivery  from  a  25  ml.  pipette,  with  N  sulphuric  acid  than 
with  distilled  water,  which  amount  could  arise  as  sampling  error. 
With  the  100  ml.  pipette  he  got  0-003  ml.  sulphuric  acid  in  excess, 
and  with  the  same  pipette  0-017  ml.  excess  of  hydrochloric  acid, 
but  all  such  may  arise  from  the  normal  variations  of  the  pipette 
delivery.  One  may  conclude  that  either  normal  sulphuric  or 
normal  hydrochloric  acids  will  suffice  for  measuring  the  wall  fluid 
after  deliveries. 

With  a  25  ml.  standard  pipette,  in  which  large  variations  in  de¬ 
livery  time  were  made  either  by  removing  small  portions  of  the 
tip  or  by  reducing  the  opening  in  the  flame,  the  following  results 
were  obtained  : 


Table  XXII 


Delivery  time 

Wall  fluid 

Pipette. 

sec. 

c.mm. 

Vlx  wall  fluid. 

25  ml. 

1-4 

410 

485 

5-0 

268 

598 

99 

29-0 

118 

635 

99 

360-0 

31 

588 

The  wall  fluid  goes  approximately  in  an  inverse  relation  to  the 
square  root  of  the  time  of  delivery.  It  will  in  fact  be  shown  sub- 
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sequently  that  with  the  burette  or  straight  tubes  the  relation  also 
applies,  and  as  close  as  is  practically  required.  It  is  not  surprising 
here  that  the  amount  of  wall  fluid  should  have  this  relation  with 
time  of  delivery  since  the  fall  of  a  viscous  fluid  along  a  surface  will 
obey  diffusion  relations. 

Owing  to  the  fact  that  the  standard  pipette  consists  of  wide 
barrel  and  narrow  straight  tubing,  no  simple  relation  exists  con¬ 
necting  the  wall  fluid  with  pipette  volume,  but  for  straight  tube 
pipettes  a  relation  does  exist  between  the  wall  fluid,  the  delivery 
time  and  the  bore  diameter.  This  will  be  considered  under  the 
delivery  error  of  the  burette. 

For  each  single  pipette  type,  however,  the  equation 


F 


W 


a 

jt 


(50) 


applies,  Fw  being  the  wall  fluid  after  delivery,  and  a  a  constant. 
For  the  25  ml.  standard  pipette  a  is  approximately  580  c.mm., 
t  being  expressed  in  seconds. 

As  already  mentioned,  there  is  no  appreciable  difference  in  the 
variable  error  when  the  drop  is  blown  out  with  tip  against  side 
rotated  while  blowing,  and  in  allowing  drainage  for  15  seconds 
after  delivery  with  tip  against  side.  With  a  25  ml.  pipette  it 
was  found  that  the  wall  fluid  immediately  after  delivery  and 
after  15  seconds  was  118  and  112  c.mm.  respectively.  Since 
the  variable  error  goes  as  5%  of  these  values  it  follows  that 
the  drainage  effect  is  here  quite  negligible.  It  would,  of  course, 
be  a  different  matter  if  no  attention  was  paid  to  the  time  after 
delivery  and  one,  ten  or  twenty  seconds  taken  indifferently. 

Whatever  procedure  or  time  be  taken  it  must  be  consistently 
adhered  to.  J 

The  effect  of  temperature  on  the  wall  fluid.  Temperature 

affects  the  amount  of  fluid  left  on  the  walls  after  delivery,  the 

relation  being  of  an  inverse  kind,  a  fall  of  temperature  causiim 
increased  wall  fluid.  & 


This  was  investigated  for  the  25  ml.  pipette  delivering  normal 
it  c  rochloric  acid,  the  temperature  of  the  acid  being  varied.  The 
following  table  shows  the  effect : 
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Table  XXIII 


Pipette. 

Time  to 
deliver 
sec. 

Temper¬ 
ature  of 
acid. 

Wall  fluid  ( titration 
corrected  for  den¬ 
sity  change)  c.mm. 

Wall  fluid 
as  %  of  whole 
delivery. 

25  ml. 

24-0 

310 

94  (4) 

0-376 

25  ml. 

24-6 

18-8 

111  (5) 

0-444 

25  ml. 

24-8 

110 

124  (3) 

0-496 

25  ml. 

— 

6-5 

133  (2) 

0-532 

(The  brackets  in  the  fourth  column  refer  to  numbers  of  determinations.) 

No  drainage  time  was  allowed  after  delivery,  the  drop  being 
blown  out  against  the  side  in  the  manner  already  described. 
The  effect  of  the  temperature  change  from  6-5°  to  31-0°  may  be  ex¬ 
pressed  as  a  mean  change  per  degree  increase  of  -  0-006%  of  the 
whole  25  ml.  delivered. 

Since  the  variable  error  will  very  probably  go  in  the  usual  re¬ 
lation  to  the  wall  fluid  we  may  say  that  temperature  will  have  no 
practical  effect  on  this  since  an  effect  of  -  0-0004%  per  degree  is 
negligible.  With  regard  to  the  constant  error,  however,  the  effect 
exceeds  that  of  the  glass  expansion  with  temperature. 

Comparison  of  the  variable  error  of  the  standard  pipettes 
with  the  tolerances  allowed  in  construction.  We  may  in  this 
way  compare  the  Class  A  tolerances  of  the  National  Physical 
Laboratory,  Middlesex  (and  those  of  the  Bureau  of  Standards, 
Washington),  with  the  variable  errors  of  the  standard  pipettes  as 
in  Table  XXIV. 

Table  XXIV 


Nominal 

capacity 

ml. 


Minimum 

delivery 

time 

sec. 


Maximum 

delivery 

time 

sec. 


Tolerances 
or  maximum 
errors  allowed 
c.mm. 


Variable 

error 

c.mm. 


100 

50 

25 

10 

5 

2 


30 

25 

20 

15 

10 

7 


50 

40 

35 

25 

20 

15 


60  (80) 
40  (50) 
30  (25) 
20  (20) 
20  (10) 
10  (6) 


130 

9-2 

6-5 

41 

2-9 

1-8 


The  figures  in  brackets  refer  to  the  tolerances  of  the  Bureau  of  Standards, 


Washington. 

It  will  be  seen  from  the  table  that  the  variable  error  or  standard 
deviation  of  the  single  delivery  is  very  much  less  than  the  toler- 


VARIABLE  GLASS  ERROR 

ances.  Stated  as  in  the  table,  however,  they  are  not  strictly  com¬ 
parable.  Usually  a  plus  or  minus  three  times  the  standard  devia¬ 
tion  is  taken  as  covering  the  range.  Even  multiplied  by  three  the 
variable  error  falls  appreciably  below  the  Class  A  tolerances.  11  e 
are  really  dealing  here  with  two  kinds  of  error,  the  tolerance  being  a 
'possible  constant  error  to  the  limit  of  the  value  given.  This  possible 
constant  error  can  be  satisfactorily  eliminated  by  the  simple  procedure 
of  weighing  five  deliveries  and  taking  the  mean  ;  for  in  this  way  we 
also  allow  for  the  effect  of  the  variable  error.  This  latter,  however, 
cannot  be  removed  for  the  single  delivery  under  the  fixed  conditions  in 
using  the  pipette. 

With  regard  to  the  question  of  standard  glass  error  there  are 
two  points  of  view,  that  of  the  maker  and  of  the  laboratory 
worker.  The  maker  must  work  to  certain  tolerances  which  are 
governed  by  the  possibilities,  the  cost  and  the  accuracy  demand 
from  the  laboratories.  Other  things  apart,  the  laboratory  worker  is 
constrained  to  work  only  in  relation  to  the  variable  error  and  its  im¬ 
plications.  Usually  a  certificate  is  provided  with  the  best  standard 
glassware  purporting  to  give  the  exact  delivery  volumes  under  the 
conditions,  and  this  bridges  the  two  points  of  view  for  the  pipette 
and  the  volumetric  flask,  but  not  for  the  burette,  as  will  be  shown. 
By  determining  the  five  delivery  mean  the  laboratory  worker  can  of 
course  dispense  with  the  certificate,  and  will  proceed  in  this  way  for 
simple  pipettes  made  in  the  laboratory. 

The  origin  and  reduction  of  the  variable  pipette  error.  As 
already  shown,  the  variable  error  is  proportional  to  the  wall  fluid 
after  delivery,  and  it  amounts  to  only  5%  of  this.  It  is  somewhat 
surprising  that  it  should  be  so  small  ;  and  it  may  scarcely  be 
profitable  to  inquire  further  into  what  may  be  its  ultimate  origin. 
There  are  some  factors,  however,  which  may  be  eliminated.  It 
is  not  due,  foi  example,  to  small  changes  in  the  delivery  time  of 
the  pipette  leaving  behind  different  amounts  of  wall  fluid.  To 
test  this  fourteen  deliveries  from  a  standard  25  ml.  pipette  were 
timed.  The  mean  time  was  24-8  seconds  with  a  standard  devia¬ 
tion  of  the  individual  time  of  0- 19  second  or  0-8%  (maximum  devia¬ 
tion  found  -  1*5%).  Since  the  wall  fluid  goes  inversely  as  the 
square  root  of  the  time,  this  will  account  only  for  0-4%  instead  of 
the  total  5%  observed.  It  is  also  not  due  to  small  irregular  vibra- 

C.M.A. 
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tions  imparted  by  the  hand  to  the  pipette  since  similar  errors  occur 
with  tubes  fixed  in  position,  as  with  the  burettes  discussed  in  the 
next  chapter.  W hether  superfine  cleaning,  such  as  we  may  expect 
to  result  from  prolonged  contact  with  hot  oxidising  reagents,  or 
successive  use  of  such  and  rinsing  with  specially  prepared  water, 
would  reduce  it  further  is  a  point  of  scarcely  any  practical  import¬ 
ance,  since  even  if  it  succeeded  the  first  use  of  the  pipette  may  be 
expected  to  leave  it  again  in  the  condition  of  the  ordinary  well 
cleaned  type.  It  may  be  said  that  it  is  unlikely  that  it  would 
further  reduce  the  error,  since  with  increasing  thickness  of  wall 
film  due  to  more  rapid  delivery  times  we  get  a  variable  error  going 
proportionally  thereto. 

The  variable  error  may  possibly  be  related  to  microscopic 
irregularities  of  the  glass  wall,  and  to  the  varying  play  of  air 
currents  on  the  fluid  film  as  the  meniscus  descends. 

Reduction  of  error  by  subsequent  rinsing.  When  the  volume 
conditions  of  the  delivery  are  not  fixed  it  would  appear  that  we 
could  remove  the  variable  error  almost  entirely  by  subsequent 
rinsing.  It  will  necessitate  about  five  different  rinsings  and  must 
be  very  carefully  done,  since  washing  above  the  meniscus  may 
result  in  an  error  almost  if  not  as  great  as  the  usual  variable 
error. 

In  micro  work,  where  we  are  often  in  the  region  where  the 
variable  chemical  error  is  of  the  same  order  as  the  variable  glass 
error,  this  rinsing  may  far  increase  the  total  error  instead  of 
diminishing  it,  owing  to  the  increased  fluid  volume  at  the  end¬ 
point. 

The  objections  to  this  washing  out  'procedure  are  then  that  it  will 
considerably  increase  the  time  of  titration  when  it  is  carefully  done , 
and  that  it  may  lead  to  a  more  serious  error  in  micro  work  than  that 
which  it  is  sought  to  avoid. 

Reduction  of  pipette  error  by  increase  of  delivery  time.  This 
is  a  valuable  method  for  micro  pipettes  constructed  in  the  labor¬ 
atory.  It  will  be  found,  where  the  delivery  time  is  not  borne  in 
mind  with  such  pipettes,  that  the  outlet  will  be  made  too  laige  as 
a  rule,  the  pipette  delivering  very  rapidly.  With  very  rapid  de¬ 
livery  a  variable  error  of  the  order  of  0-4%  may  be  expected  {vide 
Table  III  of  Part  I).  Such  an  error  can  be  reduced  to  0-029  or 
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less  if  the  delivery  time  is  increased  to  about  40  seconds  for  a 
meniscus  descent  of  approximately  16  centimetres. 

This  effect  is  obviously  of  considerable  importance  for  micro 
work  and  shows  that  a  1  ml.  technique  can  be  carried  through  with 
the  same  accuracy  as  the  25  ml.  technique  with  standard  glass¬ 
ware  and  without  any  burdensome  increase  in  the  time  required. 
The  possibility  is  even  present  of  the  same  accuracy  applying  to 
the  0*1  ml.  technique  with  more  extended  delivery  times,  the 
time  required  being  about  2  minutes  for  a  similar  meniscus  descent 
of  16  centimetres. 


Reduction  of  pipette  error  by  the  use  of  syringe  pipettes. 

In  Chapter  V  a  brief  account  of  the  micrometer  syringe 
pipette  or  burette  of  Trevan  (1922  ;  1925)  and  the  syringe  pipette 
of  Krogh  and  Keys  (1933)  has  been  given. 

In  such  a  pipette  as  that  of  Krogh  and  Keys,  delivering  between 
two  fixed  points,  there  occurs  no  pure  delivery  error  arising  from 
a  variable  degree  of  wall  fluid,  provided  the  syringe  piston  is 
working  without  appreciable  entrance  of  fluid  between  piston  and 
barrel.  Also,  the  reading  error  is  abolished,  and  the  pipette,  for 
a  series  of  deliveries  at  the  same  temperature,  might  be  expected 
to  show  no  measurable  error,  other  than  the  very  small  one  that 
might  arise  from  minute  variations  in  the  amount  of  fluid  held  at 


the  tip,  or  minute  passages  of  fluid  between  piston  and  barrel. 

In  effect  the  Krogh-Keys  pipette  gives  a  remarkable  accuracy 
at  or  above  a  volume  of  1  ml.  The  level  of  absolute  probable 
error  readily  obtainable  is  given  as  0-0001  ml.  though  0-00002  ml. 
can  be  reached  by  the  most  careful  working.  The  first  means  a 
coefficient  of  variation  of  0-015%  with  a  1  ml.  delivery. 

To  reach  this,  with  a  straight  tube,  fine  tipped  pipette,  length 
20  cms.  and  bore  diameter  of  approximately  0-25  cm.  would 
require  about  three  minutes  for  the  delivery.  At  the  same  time 
it  would  be  necessary  to  adjust  the  meniscus  to  within  about  0-04 
of  a  mm  to  have  a  negligible  extra  error  arising  from  this  source. 

will  appear  that  accuracies  of  this  order  are  more  easily 
reached  with  the  syringe  pipettes  than  the  straight  tube  pipettes 

of  about  W  V  ‘u  fl“d  reqUired  f°r  deHvery  reaches  the  level 
about  10  c.mm.  the  ease  of  produeing  absolute  errors  of  the 
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order  of  0-00002  ml.  (p.e.)  seems  more  easily  attainable  by  the 
pipette  principle  as  applied  in  the  use  of  the  Conway  burette 
(Chapter  VI). 

Example  of  the  addition  of  pipette  errors. 

Three  ml.  of  urine  are  introduced  by  a  standard  pipette  into  a  Kjeldahl 
incinerating  flask,  and  the  ammonia  after  incineration  is  distilled  into 
25  ml.  of  IV/ 10  hydrochloric  acid,  introduced  also  by  a  standard  pipette. 
12-50  ml.  N 110  KOH  are  taken  to  titrate  the  acid  at  the  end  :  it  is  re¬ 
quired  to  find  the  variable  error  due  to  the  pipetting  alone. 

The  variable  error  of  the  3  ml.  standard  pipette  is  0  075%  (as  a  co¬ 
efficient  of  variation).  The  total  millimols  ammonia  in  the  3  ml.  urine  is 
(25-0—  12-5)  x  0-1  or  1-25,  so  that  the  variable  error  in  introducing  the 
urine  is  0-94  x  10~3  millimols.  The  variable  error  of  the  25  ml.  standard 
pipette  is  0  026%,  so  that  in  introducing  25  ml.  Nf  10  acid  this  amounts  to 
0-65  x  10-3  millimols.  These  errors  add  as  the  square  root  of  the  sum  of 
their  squares,  which  gives  114  x  10-3  as  the  addition  in  millimols,  which 
when  divided  by  1-25  and  multiplied  by  100,  gives  0  091%. 

In  a  series  of  urine  nitrogen  determinations  this  is  the  variable  error 
introduced  by  the  pipetting  of  the  urine  and  the  pipetting  of  the  acid  into 
the  receiver,  using  the  same  glassware. 

When  different  pipettes  are  used  each  time,  these  must  be  standardised 
for  their  constant  errors,  and  such  allowed  for  in  each  series. 

If  we  were  to  proceed  in  the  above  calculation  simply  on  tolerances,  our 
error  would  be  computed  as  follows.  The  tolerance  of  the  3  ml.  standard 
may  be  taken  as  15  c.mm.,  which  with  the  above  data  will  mean  6-25  x  10~3 
millimols.  Similarly  the  25  ml.  pipette  will  have  a  tolerance  of  30  c.mm. 
which  will  likewise  mean  3  0  x  10~3  millimols.  These  would  add  directly, 
so  that  the  sum  would  be  9-25  x  10~3  millimols,  or  0-74%. 

Working  on  the  tolerance  system  means  a  great  and  unnecessary  in¬ 
crease  in  our  computed  error.  It  is  unnecessary  since  the  constant  error — 
which  the  tolerance  covers — can  be  eliminated  to  an  extent  negligibly 
small  compared  with  the  variable  error,  merely  by  determining  the  volume 
of  the  five  delivery  mean. 

Summary  of  the  relationships  of  the  variable  pipette  error, 
(delivery  by  gravity). 

(а)  The  variable  pipette  error  is  inversely  proportional  to  the 

square  root  of  the  time  of  delivery. 

(б)  It  is  directly  proportional  to  the  amount  of  wall  fluid  per 
square  centimetre  surface  left  after  delivery,  the  relation  being 

cr  —  0‘05F . 

(c)  It  is  practically  independent  of  the  amount  of  drainage  time 
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up  to  the  first  30  seconds  or  so  provided  the  same  routine  times  of 
drainage  (if  any)  are  given.  Drainage  in  itself  corresponding  to 
the  ordinary  periods  allowed,  is  of  no  advantage  in  reducing  the 
variable  error. 

(d)  As  shown  in  the  next  chapter,  the  relation  of  the  variable 
error  when  expressed  as  a  percentage  of  the  whole  delivery  and 
from  a  straight  tube  is  given  by 

0  022 

where  d  is  the  diameter  (cm.)  and  t  the  mean  time  in  seconds  for  a 
meniscus  fall  of  1  centimetre. 

With  regard  to  the  wall  fluid,  we  have  the  following  relations  : 

(e)  The  amount  of  wall  fluid  after  delivery  is  inversely  propor¬ 
tional  to  the  square  root  of  the  delivery  time. 

(/)  It  is  dependent  on  temperature,  being  decreased  by  0-006% 
of  the  whole  delivery  per  degree. 


CHAPTER  XXXVIII 


THE  VARIABLE  GLASS  ERROR  ( continued ) 

THE  BURETTE 

With  the  burette  the  significant  sources  of  the  variable  error  in 
titrating  may  be  given  as 

(1)  The  pure  delivery  error. 

(2)  The  manipulation  error. 

(a)  The  error  of  the  end-point  emergence. 

(b)  The  reading  error. 

In  addition  to  the  delivery  error,  which  is  alone  significant  with 
the  pipette,  there  are  additional  sources  of  error  with  the  burette. 
There  is  the  error  involved  in  reading  the  meniscus  level  at  the  end¬ 
point  and  also  the  error  in  adjusting  the  meniscus  to  the  mark 
which  becomes  appreciable  with  the  large  bore  burettes.  Besides 
which  there  is  the  error  of  the  end-point  emergence,  generally 
taken  as  a  drop  when  using  the  50  ml.  burette,  a  procedure 
leading  to  gross  and  unnecessary  inaccuracy  with  the  smaller 
burettes. 

The  delivery  error.  From  the  previous  section  on  the  pipette  it 
may  be  accepted  that  the  variable  error  of  delivery  goes  propor¬ 
tionally  to  the  fluid  left  on  the  walls,  since  this  applies  in  general  to 
the  barrelled  pipettes  and  to  the  simple  straight  tube  kind.  Here 
we  need  only  consider  how  the  amount  of  fluid  on  the  walls  varies 
with  the  time  of  delivery  and  with  the  bore  of  the  tube,  these  being 
the  two  determining  factors. 

Effect  of  delivery  time  on  the  wall  fluid.  The  question  was 
investigated  with  the  50  ml.  standard  burette  of  internal  dia¬ 
meter  Ml  cm.  ;  also  with  a  straight  tube  of  internal  diameter 
0-290  cm.  and  with  one  of  0-105  cm.  diameter,  representing  each 
the  25  ml.,  the  1  ml.  and  the  0-1  ml.  techniques.  With  the  simple 
straight  tubes  a  piece  of  extra  tubing  was  attached  by  a  short 

rubber  band  and  the  end  of  this  tube  drawn  out.  This  was  used 
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to  simulate  the  dead  space  fluid  of  the  ordinary  calibrated  burette. 
The  tube  was  filled  from  below  with  N/l  hydrochloric  acid,  and 
when  the  outflowing  fluid  just  passed  below  the  rubber  junction, 
the  tube  was  quickly  detached,  held  horizontally  and  the  end 
wiped  clean  of  external  acid  or  any  adherent  drop.  The  tube  was 
then  rinsed  to  the  mark  with  distilled  water  five  times,  and  the 
washings  titrated  with  N/ 200  alkali.  With  the  50  ml.  burette  a 
different  procedure  was  necessary.  In  this  case  the  burette  was 
filled  from  below  up  to  the  50  ml.  mark  exactly  and  the  tap  closed. 

Table  XXV 


Internal 
diam.  ‘  d  ’ 
cm. 

Fluid 
left  on 
walls 
c.mm. 

Fluid 

left 

per  sq. 
cm. 

c.mm. 

(?)• 

Time 
in  sec.  for 
meniscus 
descent  of 
1  cm. 

(t). 

qsft. 

q\l‘d 

I.  Ml  (50  ml. 

349 

1-93 

0-35 

114 

1-09 

burette) 

234 

1-29 

0-72 

109 

1-04 

199 

1-10 

1-27 

1-24 

1-18 

144 

0-80 

2-15 

117 

Ml 

104 

0-51 

4-12 

104 

0-99 

II.  0-290 

27-3 

2-05 

0-110 

0-68 

1-26 

11-4 

0-86 

0-453 

0-58 

1-07 

7-4 

0-56 

0-876 

0-52 

0-96 

4-9 

0-37 

2-670 

0-61 

1-13 

III.  0-105 

14  2 

1-58 

0-048 

0-35 

l  07 

6-0 

0-67 

0-223 

0-32 

0-99 

3-1 

0-35 

0-630 

0-28 

0-86 

0-105  (held 

3-0 

0-33 

0-845 

0-30 

0-93 

horizontally) 

9-9 

110 

0-092 

0-33 

102 

Length  of  I  (50  ml.  burette,  graduated  section)  -  52-3  cm 

Length  of  II  -  16  0  cm. 

Length  of  III  -  27-3  cm. 


Tins  acid  with  several  rinsings  was  collected  by  inverting  the 
burette  and  not  through  the  open  tap.  The  total  fluid  was  titrated 
carefully  with  ff/10  alkali.  Methyl  red  was  used  as  indicator. 

le  burette  was  then  filled  from  below  to  the  zero  mark  with  Nil 
HU  and  allowed  to  empty  completely  and  filled  again  with  the 

runout  theV’01  ^  ^  T*  fUUy  °Pened  and  50  m1'  flowed  to 
out.  the  tap  being  closed  again  with  the  meniscus  exactly  at  the 
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50  ml.  mark.  The  total  residual  acid  above  the  closed  tap  was 
rinsed  out  and  titrated  as  above. 

Table  XXV  gives  a  summary  of  the  results  obtained.  It  will 
be  seen  that  here  as  with  the  pipette  the  amount  of  fluid  left  on 
the  walls  goes  inversely  as  the  square  root  of  the  time.  The  hori¬ 
zontal  position  for  the  third  tube  (filling  done  by  the  horizontal 
burette  previously  described)  showed  no  appreciable  difference 
from  the  vertical  position. 

It  may  be  noted  that  a  vertical  burette  meniscus  does  not 
descend  quite  uniformly  throughout  the  whole  length.  Mean 
times  with  a  50  ml.  burette  for  each  10  ml.  section  were  as  follows  : 

0-10  ml.  in  10  secs.  30-40  ml.  in  14  secs. 

10—20  „  10  secs.  40-50  ,,  21  secs. 

20-30  „  12  secs. 

Thus  the  fall  is  practically  uniform  for  the  upper  two -thirds  but 
falls  off  markedly  for  the  last  10  ml.  Using  the  average  time  for 
descent  of  1  centimetre,  no  practical  difference  is  found  between 
the  vertical  and  horizontal  positions. 

The  effect  of  internal  diameter.  The  weighted  mean  values  of 
q  for  the  three  tubes  where  q  is  expressed  as  amount  of  fluid  left 
per  sq.  cm.  and  t  is  the  mean  time  for  the  meniscus  descent  of  1  cm., 
is  1T6,  0*60  and  0-324  c.mm.  It  will  be  seen  that  the  bore  of  the 
tubing  has  a  marked  effect  on  the  amount  of  the  residual  fluid.  If, 
for  example,  we  were  to  consider  a  thin  strip  of  the  internal  surface 
in  each  tube,  of  the  same  width  and  extending  over  one  centimetre 
along  the  tube’s  length,  then  the  amount  left  on  this  strip  with  the 
same  rate  of  meniscus  descent  is  quite  different  for  the  three  tubes. 
Obviously  the  difference  can  only  relate  to  the  tube  bore.  The 
ratio  of  the  three  means  of  q  is  as  1-0  :  0-52  :  0-28.  At  the  same 
time  the  ratio  of  the  square  roots  of  the  internal  diameters  go  as 
1-00:0-51  :  0*31.  The  relation  of  quantity  of  fluid,  time  of 
meniscus  descent  and  tube  bore  can  therefore  be  expressed  with 
sufficient  accuracy  for  our  purpose  by  the  equation 


(51) 


where  q  is  c.mm.  of  fluid  per  sq.  cm.  surface,  t  the  time  in  seconds 
for  1  cm.  descent  of  meniscus  and  d  the  tube  bore  in  cm. 
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The  amount  left  on  the  internal  surface  of  the  whole  tube  is 
given  by 

ft 

qs  =  7rdlx  M^- 

3-4  5dvH 


Id 


Jt 


(52) 


Considering  the  variable  error,  this  per  sq.  cm.  surface  is  given 
(from  equations  51  and  49)  by 

'■'7? 


cr  =  0-05  x  1 


=  0-055  x  ,  /- 


(53) 


The  most  useful  form  of  the  error  is  here  the  coefficient  of  varia¬ 
tion  ( vb ),  which  we  obtain  by  multiplying  a  by  the  total  internal 
surface,  dividing  by  the  volume  in  millilitres  and  multiplying  by 
100,  giving 
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The  coefficient  of  variation  for  the  single  delivery  from  a  straight 
tube  as  given  by  the  expression  is  in  this  whole  question  of  glass 

error  the  most  significant  for  micro  work,  for  by  altering  the  meniscus 

descent  m  an  inverse  relation  to  the  tube  diameter  the  delivery  error 
remains  unchanged. 

From  the  foregoing  section  certain  points  of  practical  import¬ 
ance  in  titrating  arise  for  comment.  The  total  fluid  left  on  the 
walls  of  a  burette  as  already  shown  is  given  by 


T  = 


3-45d1-5Z 


Jt 
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(for  the  50  ml.  burette). 
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Here  t  is  the  mean  time  (sec.)  for  a  meniscus  descent  of  1  cm. 
A  change  of  t  from  a  mean  time  of  1-0  to  0-5  seconds  means  a 
change  in  wall  fluid  of  87  c.mm.  or  0-18%  of  the  full  delivery,  a 
change  much  greater  than  the  delivery  and  manipulation  errors 
combined.  Again,  if  a  burette  is  delivering  50  ml.  in  a  mean  time 
of  50  seconds,  a  change  to  45  or  55  seconds  means  a  change  of 
about  5%  of  the  wall  fluid,  approximately  the  same  as  the  variable 
error  of  the  delivery.  Such  a  constant  error,  however,  will  in  fact 
be  comparatively  small  when  we  apply  the  usual  multiple  of  3  to 
the  variable  error  to  obtain  the  range.  It  will  be  found,  however, 
that  a  50  ml.  burette  will  deliver  with  great  constancy — to  within 
a  second  or  two — if  the  tap  be  fully  opened,  and  it  is  obvious  that 
this  must  be  done  in  fine  titration,  and  for  such  also  a  rough  idea 
of  the  end-point  position  must  be  already  known. 

The  effect  of  drainage  time  on  the  variable  delivery  error. 
The  effect  of  drainage  time  on  subsequent  rise  of  the  meniscus  has 
been  very  fully  investigated  by  Stott  (National  Physical  Labora¬ 
tory),  as  given  in  his  monograph  on  Volumetric  Glassivare  (1927). 
The  results  obtained  were  confirmed  by  Lindner  and  Haslwanter 
(1929). 


Drainage  is  very  slow  at  first,  then  rises  to  a  maximum  and 
falls  again  in  a  wave-like  occurrence.  This  is  well  shown  in 
Fig.  61,  giving  the  drainage  rate  after  varying  delivery  times 
from  a  50  ml.  burette  (scale  length  of  57  cm.).  The  crest  of  the 
wave  may  appear  long  after  the  delivery.  This  is  at  first  surpris¬ 
ing,  but  is  no  more  than  one  may  expect  if  we  consider  the  solution 
on  the  walls  as  behaving  like  a  viscous  fluid. 

It  will  be  seen  that  drainage  has  no  practical  effect  on  the  vari¬ 
able  error  when  the  burette  is  read  immediately  after  the  delivery. 
Even  at  the  very  fast  rate  of  18  seconds  for  the  total  delivery 
from  a  50  ml.  burette,  no  drainage  occurs  in  the  first  30  seconds. 
After  this  a  marked  drainage  sets  in  amounting  to  a  total  of 
78  c.mm.  in  the  subsequent  90  seconds.  When  40  seconds  are 
taken  for  the  full  delivery  no  appreciable  drainage  occurs  within 


two  minutes. 

As  we  descend  into  the  micro  scale  drainage  becomes  more  lm- 
portant,  for  not  only  is  the  absolute  drainage  rate  increased  per 
unit  surface,  but  still  more  so  when  expressed  relatively.  When 
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the  level  of  the  0-1  ml.  technique  is  reached  and  using  ordinary 
delivery  times,  it  is  necessary  to  use  the  horizontal  position  to 
avoid  errors  from  this  source,  unless  another  device  such  as  that 
of  Rehberg  is  used.  This  is  perhaps  the  main  advantage  of  the  hori¬ 
zontal  burette  described  in  Chap.  VI.  As  an  example  of  this  in¬ 
creasing  influence  of  the  drainage  as  the  bore  of  the  burette  is 
decreased,  we  may  consider  the  drainage  figures  in  the  tables  of 
Lindner  and  Haslwanter  (1929)  for  the  50  and  10  ml.  burettes. 


Fig.  61.  Curves  A  -D  give  drainage  rates  from  a  50  ml.  burette  after 
deliveries  of  50  ml.  in  18,  40,  60  and  120  seconds.  Curves  from  data 
of  Lindner  and  Haslwanter,  1929. 


When  the  full  delivery  times  are  taken  with  the  50  ml.  and  10  ml. 
burettes,  which  leave  the  same  amount  of  wall  fluid  per  unit  sur¬ 
face,  namely,  40  seconds  for  50  ml.,  and  20  seconds  for  the  10  ml., 
the  drainage  after  5  minutes  amounts  to  0-08%  and  0-387%  of  the 
total  volumes  respectively.  Even  when  the  same  time°  of  40 
seconds  is  taken  for  full  delivery  from  each  burette  the  drainage 
after  ten  minutes  is  0-255%  with  the  10  ml.  and  0-19%  with  the 

nil  m  I  Kn  -w.^4-4-  ~  u  v 


The  manipulation  error  of  the  burette. 

The  end-point  emergent.  This  for  the  50  ml.  burette  is  usually 
taken  as  a  drop,  which  for  dilute  solutions  and  from  a  well-made 
t.p  should  not  exceed  about  40  c.mm.  For  accurate  working  wdtl 
m'cro  burette  «  <>f  the  drop  as  the  end-point 
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must  be  excluded.  Fractions  of  drops  are  easy  to  manipulate,  and 
there  will  be  found  a  rough  constancy  of  emergence  for  each 
burette  on  turning  the  tap  to  secure  an  appreciable  extra  quantity 
of  fluid.  With  a  well-made  2  ml.  Bang  burette  about  four-tenths  of 
a  final  division  (4  c.mm.)  is  the  usual  minimal  emergence. 

With  the  horizontal  burette  previously  described  the  least 
emergence  that  is  conveniently  dealt  with  amounts  to  about  half  a 
division  or  to  0-5  c.mm.,  though  without  a  suitably  fine  tip  this 
may  need  to  be  increased  to  one  division  (1  c.mm.).  As  already 
considered  in  the  introduction  to  this  division,  the  end-point 
emergence  will  represent  a  rectangular  distribution  with  a  stan¬ 
dard  deviation  given  by  the  equation 


For  the  three  burettes  mentioned,  therefore,  the  end-point  emerg¬ 
ence  as  a  variable  error  may  be  expressed  by  12,  1-2  and  0-15  (or 
0-30)  c.mm.  respectively.  It  is  possible,  of  course,  to  work  with 
finer  emergences,  but  these  may  be  described  as  typical  of  careful 
or  even  fine  working. 

The  reading  error.  The  reading  error  may  be  said  to  include  the 
initial  adjustment  of  the  meniscus  to  the  mark  and  the  subsequent 
reading  after  the  end-point  emergence.  It  is  easier  to  adjust  a 
meniscus  to  a  definite  mark  than  to  read  its  position  between  two 
divisions  ;  it  may  be  taken  that  this  error  is  almost  entirely  due  to 
the  latter  source.  In  the  finest  working  the  reading  of  the  final 
position  is  brought  with  advantage  to  0-2  of  a  division,  but  no 
practical  advantage  in  accuracy  would  result  from  bringing  it 

further. 

The  reading  error  could  be  treated  as  giving  a  rectangular  dis¬ 
tribution  similar  to  the  drop  error,  and  treated  as  such,  but  since 
we  have  also  the  possibility  of  small  parallax  errors,  plus  errors 
due  to  lack  of  accurate  discernment  of  the  bottom  of  the  meniscus, 
as  well  as  errors  in  the  initial  adjustment  of  the  meniscus  to  the 
mark,  it  is  best  treated  as  part  of  a  manipulation  error  whjc 
can  be  determined  experimentally,  the  manner  of  determining 
this  being  given  subsequent  to  a  consideration  of  the  meniscus 

reading. 
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The  reading  of  the  meniscus.  In  reading  the  meniscus  the  avoid¬ 
ance  of  parallax  errors  and  the  securing  of  a  uniform  background 
are  the  essentials.  The  former  can  be 
avoided  easily  by  the  use  of  burettes  with 
the  lines  extending  completely  around  the 
barrel.  The  observer  places  his  eye  so 
that  the  front  and  back  portions  of  the 
line  nearest  to  the  meniscus  coincide. 

With  regard  to  the  background  for  the 
meniscus  reading,  a  simple  and  effective 
procedure  is  shown  in  Fig.  62.  A  suitable 
strip  of  glazed  white  paper  is  taken,  a 
horizontal  line  drawn  in  ink  and  the 
paper  inked  in  below  it.  Two  horizontal 
incisions  are  then  made  through  which 
the  burette  is  slipped  in  the  manner  in¬ 
dicated  in  the  diagram.  For  the  student 
it  will  be  instructive  to  look  at  the  men¬ 
iscus  firstly  against  a  dull  background, 
then  to  slip  the  paper  into  position  from  below,  so  that  the  white 
background  just  appears  behind  it,  then  to  move  it  upwards 
until  the  black  line  is  close  to  the  meniscus.  The  effect  is  at  first 
surprising. 

The  determination  of  the  total  manipulation  error.  The  total 
manipulation  error,  made  up  as  it  is  from  the  end-point  emergence 
error,  and  the  reading  error,  is  quite  independent  of  the  total 
amount  of  fluid  delivered  from  the  burette.  When  5  ml.  of  Njl 
alkali  are  used  to  titrate  25  ml.  of  A/5  acid  delivered  from  a  stan¬ 
dard  pipette,  the  manipulation  error  of  the  burette — usually  about 
15  c.mm.  for  the  50  ml.  burette — amounts  to  0-28%  as  a  co¬ 
efficient  of  variation. 

The  pure  delivery  error  is  only  about  0-02%  when  the  meniscus 
descends,  as  usual  with  the  50  ml.  burette,  at  about  1  cm  per 
second  ;  the  pipette  error  is  0-025%.  These  are  quite  negligible 
when  compared  with  0-28%,  since  they  add  as  the  square  root  of 
the  sum  of  the  squares.  Consequently  the  variable  error  of  titra¬ 
tion  is  here  practically  pure  manipulation  error. 

Similarly  the  manipulation  errors  of  the  other  burettes  may  be 


Fig.  62.  Device  for  faci¬ 
litating  meniscus  reading  ; 
modified  from  Kolthoff’s 
'’Die  Massanalyse ’ 
(Springer,  Berlin). 
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determined  by  using  only  a  small  fraction  of  their  length.  The 
manipulation  error  if  so  determined  as  a  coefficient  of  variation, 
may  be  expressed  in  c.mm.  as  follows  : 

103 

<7w*=^xIooxF=10F^  (55) 

where  V  =  burette  volume  in  ml. 

The  manipulation  errors  of  a  50  ml.,  a  2  ml.  and  the  horizontal 
burette  were  found  to  be  15,  1-3  and  0-15  c.mm.  respectively. 
The  end-point  emergence  constitutes  much  the  greater  part  of  this 
manipulation  error  and  would  alone  account  for  12,  T2  and  0-14. 

In  carrying  out  such  manipulation  tests  it  is  essential  that  the 
burette  should  not  be  filled  by  pouring  from  above.  This  can  give 
rise  to  a  comparatively  large  error,  since  the  fluid  poured  in  runs 
very  rapidly  down  the  sides  and  after  the  meniscus  is  brought 
exactly  to  the  mark  will  continue  draining  from  above.  It  may  be 
filled  from  above  by  a  pipette  or  from  a  glass  tube,  or  from  below 
by  means  of  a  special  attachment  now  common  with  burettes. 

The  combined  delivery  and  manipulation  errors  of  the  burette. 
These  errors  add  according  to  the  principles  outlined  in  the 
introductory  chapter.  The  delivery  error  in  actual  magnitude  is 
proportional  to  the  volume  delivered,  the  manipulation  error  being 
independent  of  the  volume.  Stated  as  percentage  errors  the  reverse  is 
true,  the  delivery  error  being  then  independent  of  the  delivered  volume 
and  the  manipulation  error  inversely  proportional  to  this  volume. 

The  manipulation  error  itself  (ctJ  may  be  always  expressed  as 
c.mm.  (equation  55).  The  errors  add  then  as 

(°.Y 
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where  V  is  expressed  as  ml.  and  vd  is  the  coefficient  of  variation 
of  the  delivery.  This  is  given  by  the  relation  already  developed 
(equation  54)  : 

0-022 

where  d  is  the  diameter  of  the  tube  and  i  the  time  in  seconds  for 
meniscus  descent  of  1  cm. 

The  50  ml.  burette.  With  the  50  ml.  burette  and  a  meniscus 
descent  of  1  cm.  per  second,  vd  is  0-021  ;  the  manipulation  error 
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was  found  to  be  15  c.mm.,  so  that  it  would  require  a  delivery  of 
72  ml.  before  the  delivery  error  as  c.mm.  was  equal  to  the  mani¬ 
pulation  error.  At  36  ml.  delivery  the  delivery  error  is  only  half 
the  manipulation  error  and  does  not  much  affect  the  total  enor. 
From  36  ml.  to  zero  the  manipulation  error  is  dominant  and  the 
total  burette  error  is  inversely  proportional  to  the  volume  de¬ 
livered.  At  25  ml.  the  total  variable  burette  error  is  0-060%,  and 
at  10  ml.  0-15%. 

The  2  ml.  Bang  burette.  With  the  2  ml.  Bang  burette  with  a 
bore  diameter  of  approximately  0-24  cm.  a  meniscus  descent  of 
1  cm.  per  second  will  give  a  delivery  error  of  0-045  as  a  coefficient 
of  variation.  The  manipulation  error  was  found  to  be  1-3  c.mm., 
requiring  therefore  a  3  ml.  delivery  for  the  delivery  error  as  c.mm. 
to  equal  the  manipulation  error.  Here  also  from  1-5  ml.  upwards 
the  manipulation  error  is  dominant  and  the  total  variable  error  is 
inversely  proportional  to  the  delivered  volume. 

With  a  delivery  volume  of  about  2-2  ml.  the  2  ml.  standard 
Bang  burette  is  as  accurate  as  the  50  ml.  at  the  25  ml.  titration 
level  with  the  conditions  as  stated.  It  would  appear,  therefore, 
that  some  advantage  would  be  obtained  by  the  use  of  a  3  ml.  Bang 
burette  instead  of  a  2  ml. 

The  horizontal  burette.  The  horizontal  burette  described  in  the 
text  has  a  manipulation  error,  with  the  conditions  defined  in  a 


previous  section,  of  0-155  c.mm. 

The  internal  diameter  is  0-105  cm.,  and  with  a  delivery  rate  of 
1  cm.  per  second  we  obtain  a  delivery  error  of  0-068%  as  a  co¬ 
efficient  of  variation.  It  would  take  a  delivery  of  0-23  ml.  before 
the  manipulation  and  delivery  errors  became  equal  as  c.mm.  The 
total  error  then  as  a  coefficient  of  variation  would  be  0-095% 
Using  the  burette  in  this  way  to  deliver  around  0-23  ml.,  it  is  the  equal 
in  accuracy  of  the  50  ml.  burette  titrating  around  15  ml.,  the  volume 
reduction  being  at  the  same  time  near  to  one-fiftieth. 

This  presupposes,  however,  that  the  tube  bore  will  show  the 
same  relative  uniformity  as  that  of  the  50  ml.  burette.  When  the 
finest  grade  thermometer  tubing  is  used  this  degree  of  uniformity 
'S  secured.  Also  it  may  be  said  that  the  discriminating  accuracy 
of  the  burette  in  titrating  closely  similar  quantities  is  practically 
independent  of  bore  uniformity.  J 
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Note  on  the  micrometer  syringe  burette. 

The  burette  of  Trevan  (1922;  1925)  which  has  been  further 
studied  and  somewhat  modified  by  Hadfield  (1943)  has  no  delivery 
error  due  to  varying  wall  fluid,  but  like  other  burettes  has  a 
manipulation  error,  arising  from  a  reading  error  (of  the  micro¬ 
meter)  and  that  of  the  end-point  emergence.  In  the  general 
accurate  usage  of  the  standard  50  ml.  and  2  ml.  Bang  burette 
delivering,  on  the  one  hand  over  the  range  20-50  ml.  or  from 
1-2  ml.  with  the  second,  the  delivery  error  (with  1  cm.  per  second 
mean  flow)  is  much  less  significant  than  the  manipulation  error. 
This  dominates  the  total  variable  error,  and  the  same  could  be  said 
of  the  Conway  burette  delivering  at  the  rate  of  1  cm.  in  2  seconds 
(if  a  very  high  order  of  accuracy  were  required).  The  absence  of 
the  pure  delivery  error  from  the  micrometer  syringe  burette  is 
therefore  not  of  much  relative  significance. 

In  such  comparisons  of  the  variable  error  it  is  assumed  that  the 
tube  bore  and  that  of  the  piston  of  the  syringe  burette  are  quite 
uniform,  or  are  exactly  calibrated. 


CHAPTER  XXXIX 


THE  TOTAL  VARIABLE  GLASS  ERROR  AND  TS 

CONTROL 

The  total  variable  glass  error  (vg)  is  given  by  the  equation 


(57) 


where  vv  —  pipette  error  (coefficient  of  variation), 

vb  —  delivery  error  of  burette  (coefficient  of  variation). 
o-„,  =  the  manipulation  error  of  burette  in  c.mm., 

F  =  the  burette  volume  (ml.)  delivered  in  titration. 

In  considering  the  control  of  this  total  glass  error  we  may  take  it 
at  different  volume  levels.  For  convenience  one  may  speak  of  a 
25  ml.,  a  1  ml.,  a  0-1  ml.  and  a  0-01  ml.  technique,  and  consider 
each  of  these  in  turn. 

The  25  ml.  technique.  We  shall  suppose  a  50  ml.  burette 
used  with  a  meniscus  descent  of  1  cm.  per  second,  and  a  mani¬ 
pulation  error  of  15  c.mm.  and  that  25  ml.  acid  are  pipetted  from 
a  25  ml.  standard  pipette  and  titrated  with  25  ml.  alkali  from  the 
burette.  The  variable  error  may  then  be  computed  as 


V  =  0-0252  +  0-0222  +  0-0602, 


0-025  being  the  pipette  error,  and  0-022  the  pure  delivery  error 
of  the  burette  as  considered  in  the  previous  chapter.  It  will  be 
seen  that  the  error  is  very  largely  due  to  the  manipulation  error 
of  the  burette,  which  would  alone  give  0-060%.  If  in  the  titration 
we  were  to  use  45  ml.  from  the  burette  (with  suitable  alteration 
of  alkali  strength)  the  manipulation  error  would  then  give  a  per¬ 
centage  error  of  0-033  and  the  total  glass  error  would  be  0-047% 
the  manipulation  error  being  here  in  much  lesser  proportion.  If 
we  sought  to  reduce  the  total  glass  error  further  by  using  more 
than  oO  ml.  from  the  burette  this  would  require  a  refilling  with 
the  consequent  errors  of  two  meniscus  adjustments.  The  practical 
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procedure  would  consist  in  a  reduction  of  the  manipulation  error 
by  diminished  end-point  emergence,  proceeding  with  some  fraction 
of  a  drop.  Proceeding  with  about  half  a  drop  or  20  c.mm.  re¬ 
moved  with  a  fine  glass  rod,  this  would  reduce  the  total  error 
with  25  ml.  delivery  from  0-07  to  0-05%  and  the  45  ml.  de¬ 
livery  from  0-05  to  0-04%,  the  advantage  in  the  latter  case 
being  small. 

Discrimination  error.  If  we  were  to  consider  a  series  of  titra¬ 
tions  v  ith  the  same  glassware  and  solutions,  and  grouped  the 
burette  readings  in  a  succession  of  duplicates,  then  it  may  be 
shown  as  an  elementary  problem  in  statistics  that  the  standard 
deviation  of  the  differences  between  the  members  of  the  duplicates 
is  J2 a,  where  a  is  the  standard  deviation  of  the  single  titration 
from  the  mean  of  the  whole  series.  This  we  may  define  as  the  dis¬ 
crimination  error,  and  expressed  as  a  percentage  it  may  be  written 
where  vg  is  the  total  glass  error.  If  we  made  two  successive 
titrations  with  the  same  glass  and  the  same  alkali,  but  two  unknown 
acidic  solutions,  these  could  be  regarded  as  significantly  different 
if  their  titration  figures  differed  by  more  than  3  x  J 2vg.  Where 
duplicate  titrations  are  carried  out  with  each  acid  then  the  range 
of  discrimination  error  is  3vg,  or  the  same  as  that  of  the  total  glass 
error  for  a  single  titration. 

Using  then  the  25  ml.  pipette  for  duplicate  titrations  and 
titrating  25  ml.  from  the  burette,  the  discrimination  range  is 
3  x  0-069  or  0-21%,  and  for  the  45  ml.  titration  it  is  3  x  0-047  or 
0-14%.  In  other  words,  the  two  acids  can  be  said  to  be  different 
when  they  differ  by  more  than  0-21  and  0-14%  respectively. 
Such  discrimination  would  be  independent  of  the  bore  tolerance 
of  the  burette,  since  over  the  small  volume  range  of  such  errors 
the  bore  diameter  may  be  considered  unvarying. 

Absolute  error.  This  involves  a  consideration  of  the  constant 
error  dealt  with  more  fully  in  a  later  section  and  referred  to  in  the 
chapter  on  the  pipette.  The  constant  glass  error  can  be  satis¬ 
factorily  determined  and  allowed  for  by  determining  the  mean 
weight  of  five  deliveries  and  the  true  volume  in  accordance  with 
the  principles  of  Chapter  XL1I.  As  a  practical  exception  to  this 
easy  elimination  of  the  constant  error,  we  have  the  varying  boie 
diameter  of  the  burette. 
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Burette  tolerances  are  given  in  the  following  table  : 

Table  XXVI 


Burette 

ml. 

Tolerances  in  c.mm. 

Nat.  Phys. 
Lab. 

Bureau  of 
Standards. 

K.N.E.K. 

50 

60 

50 

40 

10 

20 

20 

20 

5 

— 

10 

— 

2 

10 

— 

8 

The  tolerance  with  the  N.P.L.  extends  to  the  whole  or  any  part 
of  the  burette,  but  for  the  K.N.E.K.  half  the  burette  volume 
carries  half  the  tolerance,  but  no  further  subdivision  is  allow  ed. 

There  would  be  no  great  difficulty,  only  an  inconvenience,  in 
standardising  each  section  of  the  burette  to  find  the  exact  diverg¬ 
ence  from  the  nominal  value,  and  a  burette  certificate  may  be  had 
in  which  this  is  already  done  as  far  as  is  practical.  For  such 
laboratory  practice  the  total  tolerance  of  the  burette  is  com¬ 
paratively  unimportant,  since  like  that  of  the  pipette  the  exact 
volume  is  easily  obtained,  and  it  would  seem  therefore  that  with 
regard  to  the  finest  titrations  an  advance  could  be  made  here  in  a 
greater  bore  uniformity,  such  as  will  approach  the  variable  error 
of  the  delivery. 

If  we  standardise  the  burette  for  the  wdiole  delivery,  it  may  be 
presumed  that  the  error  for  any  section  is  not  greater  than  half  the 
full  tolerance  value  (60  c.mm.)  existing  without  any  standardisa¬ 
tion.  On  this  basis  and  collecting  the  previous  data,  Table  XXVII 
has  been  made  out. 

Table  XXVII.  Titrations  with  25-50  ml.  deliveries 


50  ml.  burette.  End-point  emergence,  40  c.mm.  Manipulation  error 
of  15  c.mm.  (standard  deviation). 


Pipette. 

Variable 
error  of 
pipette. 

Volume 

titrated 

from 

burette 

ml. 

Total 

variable 

glass 

error. 

Discrimi¬ 
nating 
error  range. 
Duplicate 
titrations. 

Absolute 
error  range 
for  the 
single 
titration. 

25  ml. 

25  ml. 

0  025% 
0025 

25 

45 

0069% 

0-047 

0-21% 

0-14 

0-33% 

0-21 

5  ml. 

5  ml. 

0058 

0-058 

25 

45 

0-086 

0-074 

0-26 

0-22 

0-37 

0-29 
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To  the  range  of  the  discriminating  error  given  there  the  30  c.mm. 
(half  the  full  tolerance)  has  been  added,  as  3-0/F(  =  %),  the  result 
given  then  as  the  absolute  error  range,  or  the  amount  which  any 
single  reading  may  diverge  from  the  mean  of  a  large  number  of 
similar  titrations.  It  has  been  assumed  at  the  same  time  that  all 
constant  errors  have  been  allowed  for  and  that  the  acid  and  alkali 
are  of  sufficient  strength  to  render  negligible  the  chemical  error 
arising  from  an  indefinite  end-point. 

The  1  ml.  technique.  The  representative  burette  here  is  the 
2  ml.  Bang  burette.  We  may  consider  firstly  the  magnitude  of 
the  error,  using  a  similar  procedure  as  with  the  25  ml.  technique, 
but  at  the  1  ml.  level.  Let  us  suppose  a  1  ml.  standard  pipette  is 
used  to  deliver  the  acid,  and  the  meniscus  descent  from  the 
burette  to  have  a  rate  of  1  cm.  per  second.  A  marked  difference 
will  lie  in  the  end-point  emergence,  being  here  a  fraction  of  a  drop 
or  4  c.mm.,  as  already  considered,  the  manipulation  error  being 
of  the  order  of  1-3  c.mm.  (st.  dev.). 

Considering  the  equation  57 


the  usual  value  of  vv  or  coefficient  of  variation  of  the  1  ml.  standard 
pipette  is  here  0-13%,  and  from  equation  54  the  pure  delivery 
error  of  the  burette  is  0-045%,  so  that  with  the  manipulation 
error  (ct„,)  of  T3  c.mm.  the  value  of 


2  —  0- 1 32  +  0-0452  +  (0- 1 3)2 


v, 


vn  =0-19. 


or 


This  is  nearly  three  times  the  corresponding  error  of  the  25  ml. 
technique. 

Variable  titration  error  in  an  experimental  series.  Before 
proceeding  to  a  consideration  of  the  manner  in  which  this  error 
may  be  reduced  to  that  for  the  25  ml.  level,  it  is  of  interest  to 
see  how  far  equation  57  predicts  the  error  in  an  actual  series  of 
titrations  in  which  each  of  the  three  values  has  been  expeii- 
mentally  determined  as  0-11,  0-11  and  1-3,  the  rate  of  meniscus 
descent  in  the  burette  being  faster  than  1  cm.  per  second  and 
the  pipette  used  other  than  the  standard  t}Tpe. 
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Table  XXVIII 
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Acid  used. 

Variable 

titration 

error 

(i experimental ). 

Variable 

titration 

error 

( theoretical ). 

No  of 
titrations. 

0  1 N 

0-20% 

0-20% 

52 

001 N 

019 

0-20 

26 

0  001 N 

0-27 

0-25 

20 

With  the  O-OOlX  titrations  the  variable  chemical  error  is  be¬ 
ginning  to  influence  the  total  error.  for  the  0T  and  0  01X 
titrations  the  experimental  and  theoretical  errors  are  practically 
identical. 

Approach  to  the  accuracy  of  the  25  ml .  technique .  Considering 
the  end-point  emergence  of  the  burette  as  1*3  c.mm.,  this  alone 
will  give  0-13%,  whereas  the  total  variable  error  for  the  25  ml. 
technique  is  0-069%  as  we  have  seen.  Refining,  therefore,  on  the 
pipette  or  burette  deliveries  will  be  useless  until  either  the  end¬ 
point  emergence  is  reduced  further  or  the  volume  titrated  from 
the  burette  is  increased,  in  which  latter  case  there  will  be  a  de¬ 
parture  from  a  purely  1  ml.  technique.  The  end-point  emergence 
may  without  much  difficulty  be  reduced  to  2  c.mm.  if  the  burette 
has  been  provided  with  a  tip  sufficiently  fine,  and  burettes  of  such 
type  may  now  be  had  from  the  makers.  Alternatively  the  use  of 
the  Shohl  (1928)  needle  tip  with  Luer  adapter  could  be  considered. 
To  the  delivery  end  is  sealed  a  glass  Luer  adapter  into  which 
fits  a  Luer  hypodermic  needle  B  of  18  to  23  gauge,  cut  horizon¬ 
tally  and  ground  on  a  stone,  platinum  needles  being  obviously 
preferable. 

With  diminution  of  the  end-point  emergence  to  2  c.mm.  and  a 
manipulation  error  then  of  approximately  0-7,  an  increased 
burette  delivery  to  at  least  1-5  ml.  would  be  necessary.  This 
would  give  a  variable  error  from  the  burette  manipulation  of 
0-047%.  The  pure  delivery  error  of  0-045%  could  be  allowed  to 
remain  at  this  level,  and  suitable  reduction  of  the  remaining 
pipette  error  is  easily  accomplished.  As  shown  in  Chapter  V  of 
Part  I  and  in  Chapter  XXXVII  of  Part  III,  a  simple  straight 
tube  pipette  delivering  0-7  ml.  in  40  seconds  from  a  straight  tube 
pipette  (16  cm.  length)  has  an  error  of  only  0-029%,  and  the  error 
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may  in  general  be  deduced  from  equation  54,  already  established 
in  previous  chapter  : 

0022 

v  = - 

'  Jdt  ’ 

d  being  the  bore  diameter  and  t  the  time  of  descent  of  1  cm. 
Assuming  then  a  1  ml.  pipette  delivering  with  an  error  of  0-029%, 
a  burette  delivery  of  0-045%  and  a  manipulation  error  of  7  c.mra! 
with  1-5  ml.  titrated,  from  equation  57  we  get  a  total  glass  error  of 
0-068%,  which  is  practically  identical  with  the  error  of  titrating 
25  ml.  acid  from  a  standard  pipette  with  25  ml.  alkali  from  the 
50  ml.  standard  burette,  using  a  drop  as  end-point  emergence. 
Nothing  exceptionally  difficult  is  introduced  in  this  approach,  the 
emphasis  being  on  delivery  time,  fineness  of  tip  and  of  end-point 
emergences. 

By  the  use  of  syringe  pipettes  and  burettes  the  same  result 
could  also  be  readily  obtained,  but  with  apparatus  of  a  higher 
degree  of  complexity. 

Discrimination  range  and  absolute  error.  With  the  tech¬ 
nique  just  discussed,  and  which  approached  the  25  ml.  accuracy, 
the  discrimination  range  will  be  exactly  as  given  for  this  level  in 
Table  XXVII.  The  absolute  error  range  will  be  higher  owing  to 
a  greater  percentage  tolerance  for  the  smaller  burette.  To  keep 
pace  with  the  worker’s  possibilities  here,  a  much  reduced  tolerance 
is  required,  but  not  in  the  whole  burette  volume,  merely  in  the  bore 
uniformity.  The  tolerance  of  the  2  ml.  burette  is  10  or  8  c.mm. 
On  standardising  the  whole  2  ml.  delivery  it  may  be  assumed  as 
before  that  this  tolerance  is  reduced  to  approximately  4  or  5  c.mm. 
The  numerical  values  are  assembled  as  before  in  Table  XXIX. 

With  increasing  bore  uniformity  in  the  burette  the  absolute  error 
range  approaches  that  of  the  discriminating  range.  As  before,  in 
this  table  the  constant  errors  except  that  of  bore  tolerance  are 
not  considered. 

The  0-1  ml.  technique.  With  the  Conway  burette  in  present 
use  an  end-point  emergence  of  0-5  c.mm.  is  secured  without 
much  difficulty,  and  1  c.mm.  rather  easily,  but  in  fact  almost 
any  degree  of  fineness  in  delivery  can  be  reached  by  constricting 
the  delivery  tip  more  and  by  lessening  the  hydrostatic  pressure 
shortening  the  distance  of  the  delivery  tip  from  the  graduated 
scale.  With  the  tip  drawn  out  so  that  the  rate  of  delivery 
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is  3  seconds  for  0-01  ml.  with  fully  open  tap,  any  degree  of 
control  is  possible  without  resort  to  diminution  in  hydrostatic 

pressure. 

Table  XXIX.  2  ml.  Bang  burette.  Titrations  around 

the  1  ml.  level 

Manipulation  error  1-3  c.mm.-or  0-7  c.mm.  in  the  approach  to  the 
25  ml.  accuracy — the  corresponding  end-pomt  emergences  being  an 
2  c.mm.  respectively.  4  c.mm.  is  also  considered  as  possible  error  due  to 
lack  of  bore  uniformity  after  standardisation  of  full  delivery. 


Pipette 

used. 

Variable 
error  of 
pipette. 

Burette 
vol.  used 
ml. 

Total 

variable 

glass 

error. 

Discrimi¬ 

nating 

range 

(duplicate 

titrations). 

Absolute 
error  range 
of  the 
single 
titration. 

1  0  ml. 

0-7  ml. 

(40  seconds 
to  deliver) 

0  13% 
0029 

10 

1-5 

019% 
0-06S 
(2  'c.mm. 
end-point 
emergence) 

0-57% 

0-20 

0-84% 

0-47 

The  transference  with  fine  delivery  tip  may  be  made  by  directly 
touching  the  underneath  fluid ,  and  stirring  either  with  fine  glass 
rod — in  the  ‘  unit  ’  technique  or  otherwise  with  a  bubbling  tube 
(as  in  Fig.  50).  With  the  0-5  c.mm.  end-point  emergence  the 
manipulation  error  is  0-15  c.mm.  (st.  dev.)  and  with  the  1-0  c.mm. 
it  is  0-30  c.mm. 

Before  the  full  influence  of  time  on  the  delivery  error  was  under¬ 
stood,  this  was  obtained  as  0-12%  in  a  long  series  by  using  the 
titration  method  (Chapter  XXXVI).  The  delivery  here  would  be 
about  2  cm.  per  second.  It  is  very  likely  that  the  delivery  error 
of  the  horizontal  burette  obeys  the  general  relation, 

0-022 


since  the  wall  fluid  goes  in  the  same  relation  as  for  the  vertical 
burettes.  The  particular  advantages  of  the  horizontal  burette 
would  consist  then  in  avoidance  of  any  drainage  error,  ease  of 
securing  slow  and  uniform  flow  without  too  fine  a  constriction  of 
tip  and  previous  contact  of  the  emerging  fluid  with  pyrex  walls 
only  (described  in  Part  I). 
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In  considering  the  pipette  error  here,  we  have  no  standard 
pipette  to  use  in  a  similar  manner  to  the  previous  volume  levels 
Examination  of  the  error  of  a  0-1  ml.  pipette  of  Ostwald  type  de¬ 
livering  in  2  seconds  before  blowing  out  gave  a  coefficient  of 
variation  of  0-39,  but  it  may  be  assumed  that  this  error  would  be 
considerably  less  with  slow  delivery. 

Easily  attainable  accuracy  with  the  0  •  1  ml .  technique .  Here  we 
shall  take  the  error  of  the  0-1  ml.  pipette  as  determined  in  a  given 
instance,  namely  0-39%,  the  pure  delivery  error  of  the  burette 
at  about  2  cm.  per  second  as  0-12%  and  a  manipulation  error 
associated  with  an  end-point  emergence  of  1  small  division  on  the 
burette  giving  0-30  c.mm.  (st.  dev.).  With  such  data  and  deliver¬ 
ing  0-1  ml.  from  the  burette  we  obtain  a  total  variable  glass  error 
of  0-51%  (equation  57). 

Where  a  0-2  ml.  pipette  of  similar  type  is  used  with  0-27%  de¬ 
livery  error  and  titrating  0-2  ml.  from  the  burette,  we  get  a  total 
variable  glass  error  of  0-33%.  The  total  variable  error  is  for  these 
two  instances  very  largely  made  up  of  the  pipette  error.  If  we 
used  a  1  ml.  standard  pipette  and  titrated  with  0-2  ml.  from  the 
burette  the  error  would  be  0-23%. 

Approach  to  the  accuracy  of  the  25  ml.  technique  (using  0  1  ml.). 

The  0-1  ml.  pipette  delivery.  There  is  every  reason  ,to  suppose 
that  with  suitable  reduction  in  delivery  time  and  fineness  of  tip, 
the  error  here  can  be  made  to  approach  that  of  the  25  ml.  standard 
pipette,  the  delivery  error  proceeding  in  accordance  with  the  rela¬ 
tion  already  described. 

With  an  internal  diameter  of  0-09  cm.  and  delivery  length  of 
16  cm.,  96  seconds  should  be  required  for  the  delivery  to  give  an 
error  of  0-03%. 

The  use  of  syringe  pipettes  for  01  deliveries. 

If  one  is  considering  the  delivery  of  standard  acid  of  which 
there  is  a  large  amount  available,  no  difficulty  arises  in  delivering 
0-1  ml.  with  the  Krogh-Keys  pipette,  to  a  coefficient  of  variation 
of  0-15%;  using  with  the  most  careful  working  to  0-03%.  The 
difficulty  arises  when  a  sample  for  analysis  is  to  be  pipetted,  and 
of  which  there  is  only  a  small  amount  available.  Owing  to  the 
relatively  large  ‘  dead  space  ’  when  the  piston  is  pressed  down  to 
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its  fullest  extent,  the  uptake  of  0-1  ml.  will  be  diluted  with  the 
fluid  already  present  to  a  considerable  extent.  This  difficulty  in 
the  use  of  a  syringe  pipette  was  avoided  by  Titus  and  Gray  (1930) 
by  sucking  up  0-2  ml.  mercury,  which  could  then  serve  as  a  piston, 
with  an  air  bubble  between  the  mercury  and  the  solution.  Various 
other  workers  (Chambers,  1929  ;  Rosebury  and  Heyninger,  1942  ; 
Kesten,  Rittenberg  and  Schoenheimer,  1937  and  Benedetti 
Pichler  1937)  have  filled  the  syringe  with  water  separated  from 
the  solution  by  an  air  bubble. 

The  burette  delivery  error  ( 0-1  ml.  range).  Seeing  that  the  de¬ 
livery  error  with  the  Conway  burette  was  experimentally  found 
to  be  0-12%  with  a  comparatively  fast  rate  of  delivery,  it  may  be 
expected  that  this  error  will  also  go  in  accordance  with  equation 
54,  a  delivery  of  1  cm.  in  four  seconds,  giving  a  presumed  error 
of  0-037%. 

The  manipulation  error.  Reduction  of  the  hydrostatic  pressure 
for  slow  delivery  with  a  fine  tip  touching  the  fluid  surface  and 
stirring  by  bubbling  (Fig.  48),  electromagnetic  ‘  flea  ’  or  other  such 
device,  may  be  expected  to  reduce  the  manipulation  error  to  the 
0-075  c.mm.  (st.  dev.)  region.  A  reading  limit  of  0-2  of  a  division  or 
0-2  c.mm.  would  itself  cause  an  error  of  about  0-05%  (coefficient 
of  variation). 

At  the  same  time  it  will  be  necessary  to  deliver  0-15  ml.  from 
the  burette  to  give  the  required  equality  with  the  25  ml.  tech¬ 
nique. 

(With  the  micrometer  syringe  burette  the  required  accuracy 
may  be  obtained  without  much  difficulty,  the  pure  delivery 
error,  arising  from  varying  wall  fluid,  being  entirely  excluded). 

The  combination  of  these  three  errors  of  pipette  (0-030%)  and 
burette  (0-037%)  deliveries  with  the  manipulation  error  (0-075 
c.mm.),  and  adding  0-15  ml.  from  the  burette  will  give  a  total  glass 
error  of  0-069%  in  accordance  with  equation  57.  This  would  be 
practically  identical  with  the  error  of  titrating  25  ml.  acid  with 
25  ml.  alkali  as  above. 

Discriminating  and  absolute  error  range  with  the  0-1  ml. 
technique.  The  discriminating  range  using  duplicate  titrations 
is  taken  as  before  at  3  times  the  total  glass  error  as  a  coefficient  of 
variation.  The  difference  between  this  and  the  absolute  error 
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range  will  depend  on  the  bore  uniformity  of  the  burette,  assuming 
the  other  constant  errors  suitably  allowed  for.  Here  fortunately 

a  high  degree  of  uniformity  can  be  secured  by  the  use  of  the  best 
thermometer  tubing. 

The  above  data  for  the  0-1  ml.  technique  are  collected  in  the 
table  on  p.  315. 

Note  on  blood  pipetting.  In  the  approach  to  the  accuracy  of 
the  25  ml.  technique  one  of  the  main  controls  lay  in  slowing 
the  delivery  rate.  In  delivering  whole  blood,  a  fine  tip  is  likely  to 
become  clogged  with  inconvenient  frequency.  Where  the  pro¬ 
cedure  allows  of  increase  of  fluid  volume  up  to  about  five  times  the 
blood  volume  delivered,  the  easiest  way  out  of  such  difficulty 
would  consist  in  using  wider  tips  and  carefully  washing  out. 
Alternatively  some  such  device  as  a  stopcock  could  be  used  to 
retard  flow  with  conveniently  wide  tip. 

The  0  01  ml.  technique. 

Even  at  the  0T  ml.  level  certain  new  sources  of  error  appear. 
In  pipetting,  for  example,  owing  to  capillarity  the  meniscus  at  the 
end  of  the  delivery  after  simple  run  out,  stands  high,  and  the 
expulsion  at  the  end  becomes  an  appreciable  error  source  with  the 
probably  varying  rate  of  the  liquid  movement.  The  effect  be¬ 
comes  very  marked  as  we  pass  to  the  0-01  ml.  level. 

Chiefly  from  this  cause  a  different  technique  of  pipetting  be¬ 
comes  advisable,  besides  the  ordinary  direct  kind.  It  is  true  that 
by  several  washings  this  can  be  made  to  work  very  accurately,  but 
owing  to  the  narrowness  of  bore,  efficient  washing  is  not  so  readily 
carried  out  as  would  appear,  and  reference  may  be  made  again  to 
the  note  on  page  290  concerning  the  washing  out  of  pipettes. 

Alternative  pipetting  would  incorporate  some  device  for  slow' 
uniform  and  complete  extrusion  of  the  intended  volume  (apart 
from  what  may  be  left  on  the  walls).  The  horizontal  burette  de¬ 
scribed  in  Chapter  VI  may  be  made  to  serve  the  purposes  of  such 
pipetting  both  where  there  is  a  large  amount  of  fluid,  as  in  the 
pipetting  of  acid  for  minute  microdiffusion  procedures,  and  also 
where  only  volumes  of  the  order  of  20  or  10  c.  mm.  are  avail¬ 
able  for  the  analytic  sample.  The  technique  of  such  pipetting  is 
described  in  Chapter  VII. 
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Approach  to  the  accuracy  of  the  25  ml .  technique  (using  0-  0 1  ml .) . 

Proceeding  in  accordance  with  the  directions  in  Chapter  VII, 
not  much  difficulty  need  be  anticipated  in  reaching  a  total  glass 
error  of  about  0-3-0*4%  as  a  coefficient  of  variation.  With  the 
Krogh  syringe  pipette  the  finest  working  would  give  a  coefficient 
of  variation  of  0-3%  when  pipetting  10  c.mm.  fluid  (though  it  is 


Table  XXX 


Pipette  used. 

Variable 
error  of 
pipette. 

% 

Burette 

volume 

titrated. 

ml. 

Total 

variable 

glass 

error. 

% 

Discrimi¬ 

nating 

range. 

% 

0T  (Ostwald  type) 

0-39 

01 

0-51 

1-5 

0-1  (same) 

0-39 

0-2 

0-43 

1-3 

0T  (st.  tube,  96  secs,  to 
deliver  through  16  cm.) 

003 

015 

0-069 

0-21 

02  (Ostwald  type)  - 

(theor.) 

0-27 

0-2 

(theor.) 

0-33 

(theor.) 

1-0 

10  (st.  tube,  2-5  secs,  to 
deliver  16  cm.)  - 

013 

0-2 

0-23 

0-7 

0  25  ml.  horizontal  burette.  Fine  grade  thermometer  tubing.  Internal 
bore  0  09  cm.  Manipulation  error  0-3  c.mm.  or  0  075  c.mm.  in  the  special 
procedure  for  the  third  series  in  the  above  Table. 

The  Ostwald  pipettes  used  delivered  with  comparative  rapidity  (about 
2  seconds),  and  are  not  therefore  true  to  the  original  Ostwald  type. 

possible  that  such  an  apparatus  on  a  reduced  scale  would  give  a 
higher  accuracy).  It  is  obvious  therefore  that  even  the  most 
careful  use  of  such  a  pipette  along  with  the  micrometer  syringe 
burettes  of  Trevan,  Hadfield  or  others  would  not  improve  on  this 
degree  of  variation.  To  refine  further  on  such  accuracy  in  pipet- 
ting  10  c.mm.  of  an  analytical  sample  with  the  Conway  burette, 
a  prior  washing  out  of  the  graduated  tube  with  alcohol  and  ether 
and  drying  (by  air  suction)  could  be  tried  so  that  the  volume  taken 
in  is  measured  by  the  advance  of  the  meniscus  along  a  dry  surface. 
Three  times  the  volume  taken  in  may  then  be  pipetted  out  from 
the  burette  to  ensure  against  any  error  source  from  traces  of  the 
analytic  sample  remaining.  For  ammonia  estimations  the  pipett¬ 
ing  error  of  the  absorbing  acid  may  be  entirely  removed  when  the 
ammonia  for  estimate  is  of  the  order  of  01  g.  NH3  -N  using  the 
boric  acid  absorbing  reagent  described  on  page  96.  The  de- 
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livery  error  is  then  of  no  significance.  The  indicator  may  be 
doubled  in  strength  and  the  titration  carried  out  in  comparison 
with  a  companion  droplet  with  the  same  strength  of  indicator  in 
buffer  solution  at,  say,  4-7  pH.  With  an  extremely  slow  delivery 
rate  from  the  burette  and  the  tip  of  the  delivery  tube  immersed  in 
the  droplet,  the  major  error  source  in  the  whole  procedure  will 
now  lie  in  the  delivery  error  of  the  volume  buretted  out  in  the 
titration,  and  provided  this  amounts  to  about  20  large  divisions, 
it  is  anticipated  that  it  should  not  exceed  about  0-1%  error  as  a 
coefficient  of  variation,  and  it  would  appear  possible  to  have  it 
still  less. 


CHAPTER  XL 


THE  VARIABLE  CHEMICAL  ERROR  IN  TITRATION 

If  in  a  series  of  titrations  we  were  to  reduce  the  original  strength 
of  the  acid  progressively  and  the  alkali  correspondingly  we  would 
have  a  growing  difficulty  in  deciding  the  exact  end-point.  An 
error  from  this  source  would  be  introduced,  becoming  more  and 
more  prominent  as  the  original  acid  strength  decreased.  This 
error  may  be  expressed  as  a  standard  deviation  (ctc)  and  conven¬ 
iently  in  millimols,  the  coefficient  of  variation  being  x  102, 

where  q  is  the  total  number  of  millimols  titrated. 

The  total  variable  error  of  the  titration  (fs)  would  then  be 
expressible  as 

vs2  —vg2  +  x  100^  ,  (58) 

vg  being  the  total  glass  error  as  previously  considered. 

Experimental  determination  of  the  variable  chemical  error. 

The  value  of  ac  could  be  obtained  experimentally  for  any  type  of 
titration  where  indicator  is  added  by  reducing  q  so  far,  that  the 
glass  error  is  negligibly  small,  the  total  error  of  the  titration  giving 
then  the  chemical  error.  In  such  procedure  it  would  be  necessary 
to  keep  the  indicator  strength  the  same  throughout,  and  as  low  as 
conveniently  possible. 

In  determining  the  variable  chemical  error  for  acidimetric  work, 
this  is  largely  influenced  by  the  carbon  dioxide  contained  in  the 
water.  The  carbon  dioxide  of  distilled  water,  when  this  is  in 
equilibrium  with  the  carbon  dioxide  of  the  air  at  room  temperature, 
may  be  calculated  to  be  approximately  1-7  x  10~5  molar  from 
the  known  solubility  of  carbon  dioxide  (1-90  g./litre  at  760  mm.), 
and  takmg  the  carbon  dioxide  of  the  air  as  0-04%.  Kolthoff 
(1931)  has  estimated  it  directly  as  1-5  x  10-*.  Distilled  water  in 
bulk  may,  however,  contain  much  greater  concentrations  of 
carbon  dioxide,  arising  presumably  from  gas  burners  used  in  the 
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distilling  plant  and  in  bulk  only  very  slowly  attains  equilibrium 
with  the  atmosphere,  even  with  exposed  surface.  Water  from 
electrically  run  distilling  plants  should  be  practically  in  equili¬ 
brium  with  the  atmosphere,  and  the  use  of  such  water  will  be 
considered  in  the  ensuing  account. 

Also  it  may  be  noted  that  for  micro  titrations  in  the  central 
chamber  of  the  ‘  unit  equilibrium  with  the  air  may  be  always 
assumed  owing  to  the  large  surface  and  small  depth.  In  an  actual 
series  of  such  micro  titrations  of  0-7  ml.  of  0-0002A  acid  containing 
0*0008%  methyl  red  and  0*0016%  methylene  blue,  with  20% 
alcohol  and  using  0*35  ml.  barium  hydroxide  solution  from  the 
horizontal  burette,  a  coefficient  of  variation  of  0*78  was  obtained 
which,  allowing  for  the  glass  error  (found  to  be  0*02%  under  the 
conditions)  becomes  0*75%  as  the  variable  chemical  error  (equa¬ 
tion  58).  This  corresponds  to  1*05  x  10~6  millimols  in  the  titrating 
alkali  (T4  x  10-4  millimols  being  titrated). 

Theoretical  evaluation  of  the  variable  chemical  error. 

The  end-point  error  in  pH  units.  If  we  suppose  titrations  car¬ 
ried  out  with  very  wreak  solutions  such  as  1  ml.  of  A/5000  or  of 
N/ 10,000,  and  that  the  exact  pH  of  the  end-point  reached  is  sub¬ 
sequently  determined,  this  latter  will  show  a  distribution  for  a 
series  with  a  certain  standard  deviation.  We  should  get  the  same 
or  practically  the  same  distribution  if  we  were  titrating  a  heavily 
buffered  solution  around  the  end-point  and  adding  strong  alkali. 
Such  a  distribution  or  standard  deviation  is  immediately  related 
to  our  visual  discrimination,  and  hence  may  be  expected  to  vary 
somewhat  from  one  individual  to  another.  For  a  single  indicator 
used  at  or  within  0*5  pH  from  its  mid-zone  of  colour  change,  the 
limits  of  such  distribution  for  careful  working  is  ±0*1— as  gener¬ 
ally  observed  (e.g.  Bjerrum,  1914).  This  range  corresponds  also  to 
the  differences  between  buffered  indicator  tubes  in  the  simplest  pH 
comparators,  these  differing  as  a  rule  by  increments  of  0*2  pH. 

The  distribution  of  the  end-point  pH  will  very  probably  be  not 
quite  ‘  normal  ’,  since  there  must  be  a  central  region  over  which 
there  is  the  same  probability  of  an  observation  falling,  but  such  a 
deviation  from  the  normal  curve  will  not  seriously  affect  our 
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A  distribution  with  practical  limits  of  plus  or  minus  0-1  pH  is 
given  by  a  standard  deviation  of  0-033  to  0-050  pH  as  we  take  six 
or  four  times  its  value  to  cover  the  range.  We  may  take  0-04  as  a 
probable  figure. 

If  we  were  to  convert  the  pH  standard  deviation  of  the  end¬ 
point  into  millimols  alkali  added  we  could  do  so  in  the  following 
equation  : 

crc  =  0-04^3  x  V,  (59) 


(I  li 

where  B  is  — =  — the  buffering  power — or  the  quantity  of  alkali 
dp  H 

in  millimols  necessary  to  produce  unit  change  of  pH  around  the 
end-point,  and  may  be  presumed  constant  over  the  small  error 
range  in  end-point  pH.  This  buffering  will  arise  from  at  least 
three  factors,  the  hydrogen  ion  concentration,  the  carbon  dioxide 
in  equilibrium  with  the  air,  and  the  indicator,  so  that  equation  59 
may  be  expanded  to 


ctc  — 0-041  {far  +  Pco2  +  fa).  (60) 


We  can  evaluate  each  of  these  buffering  factors  theoretically. 

The  hydrogen  ion  buffering.  Considering  the  following  two 
equations, 

[B-]  +  [H*]  =  [OH/]  +  [A/]  (61) 

and  [H-]x[OH']=/mf,  (62) 

where  equation  61  expresses  the  necessary  relation  for  electrical 
neutrality  when  base  is  added  to  a  fixed  quantity  of  strong  acid 
and  equation  62  the  w^ater  dissociation,  then  in  differentiating 
61  and  62  with  respect  to  [H  ]  and  re-arranging,  w^e  get 

d[  B’]_  [H‘]  +  [OH'] 

d[H‘]  [H‘]  '  (63) 

Also,  since  pH  =  -  log  [H*] 


=  -  0-434  In  [H  ], 


then,  on  differentiating  this  equation  with  respect  to  I  H  i  and 
rearranging,  we  get 


d[  H~] 
dpH 


-  2-3[H]. 


(64) 
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1  rom  this  and  equation  63  we  obtain 


dB 

dpR 


=  2-3{[H']  +  [OH']} 


(65) 


(where  B  is  mols.  base  added  per  litre  of  solution)  as  millimols 
pei  ml.  (oi  mols.  per  litre)  and  on  the  acid  side  of  neutrality 
we  may  write 

dpH=^n  =  2-3[H-].  (66) 

At  a  pH  of  5-5  we  obtain  pH  as  2-3  x  10-5-5  =  7-3  x  10-6. 

The  buffering  of  the  carbon  dioxide  in  equilibrium  with  the 
atmosphere.  Considering  the  equation 

[H  ]  x  [HCO'g]  =-K’[H2C03],  (67) 

[H2C03]  is  here  a  constant  when  there  is  equilibrium  with  the 
air. 

Differentiating  with  respect  to  [H  ]  and  re-arranging,  we  get 

d[HCO'3]  _  A[H2CQ3] 


d[  HI  [HT 

and  from  equation  66, 

d  [HCO'g]  _  2-3  [H2C03]/v 
dp  H  _  [H] 


(68) 


(69) 


Here,  owing  to  the  separate  consideration  of  the  hydrogen  ion 
buffering  above,  the  change  of  [HCO'3]  may  be  taken  as  being 
exactly  equivalent  to  a  corresponding  addition  of  base  (it  being 
easily  demonstrable  that  for  dilute  solutions  these  various  buffer 
factors  can  be  treated  quite  independently  and  additively),  so 
that  the  required  buffering  equation  is 


dB  _Q  2-3[H2CO 3]K 

dpH-Pco*-  [H] 


(70) 


in  millimols  per  ml. 

Where  the  pH  is  5-5  and  [H2C03]  is  1-7  x  KM  as  given  above, 
we  obtain  the  carbon  dioxide  buffering  for  methyl  red  titrations 
at  5-5  end-point  as 

2-3  x  1-7  x  10~5  x  10  6  4_^.q  x  jq-6  millimols  per  ml. 


10~5’5 


VARIABLE  CHEMICAL  ERROR  <W1 

The  indicator  buffering.  Considering  the  equation 

[H']  x  [I']  =  [HI]  x  Kt 

=  (CI-[V])K„  (71) 

where  C,  is  the  total  indicator  concentration,  and  [I']  the  con- 

centration  of  the  ionised  substance. 

Differentiating  with  respect  to  [H*],  where  Ct  is  a  constant 
and  equating  d[T]  with  rf[B  ]  as  in  previous  paragraph  : 

d[B']  -CIK1 

j  dB  2-ZCjKjjK-]  n2) 

and  dpR~  ([H*]  +  A"/)2 

The  K1  value  of  methyl  red  is  10-5'1  (Clarke,  1928).  For  methyl 
red  with  a  molecular  weight  of  269,  an  indicator  strength  of 
0-0008%  is  equivalent  to  a  molar  concentration  of  2-98  x  10~5. 
Inserting  these  values  in  equation  72,  we  get  at  a  pH  of  5-5 

dB  2-3  x  2-98  x  10-50  x  10-5'1  x  10“5'5 
dpH~  (io-5-5  + 10-5’1)2 

=  14-0  x  10-6. 

In  the  example  given  above  for  the  experimental  determination 
of  the  variable  chemical  error,  the  deliveries  of  0-7  ml.  of  0-0002jV 
acid  containing  0-0008%  methyl  red,  etc.,  were  diluted  to  1-05  ml. 
at  the  end-point,  so  that  the  indicator  buffering  for  this  dilution 
would  be 

14-0  x  0-67  x  10_6  =  9-4  x  10“6  millimols  per  ml. 
Assembling  the  values  of 

Ph  =  7-3  x  10-6  ;  jSC'o2  =  4-9  x  10~6  and  ^  =  9*4  x  10“6 
in  the  equation 

ac  =  0-04  x  V  x  (/ 3I{  +  pc02  -(-  fa ), 

we  obtain  0-9  x  10- 6  millimols  as  the  theoretical  value  of  the  vari¬ 
able  chemical  error.  The  experimental  value  was  1-05  x  10~6.  The 
agreement  here  is  reasonably  good,  and  an  exact  correspondence 
would  in  fact  be  only  fortuitous. 

Removal  or  diminution  of  the  variable  chemical  error.  In  the 

foregoing  account  the  titrations  were  taken  as  conducted  in  the 
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presence  of  atmospheric  carbon  dioxide.  By  titrating  in  a  stream 
of  air  free  from  carbon  dioxide  the  effect  of  this  buffer  is  removed 
and  vv  e  can  approach  nearer  to  the  neutral  point.  We  are  still  left, 
however,  with  some  buffering  both  by  hydrogen  and  hydroxyl  ions 
plus  that  of  the  indicator.  The  latter  remains  unchanged  pro¬ 
vided  the  colour  change  with  pH  can  be  appreciated  with  equal 
delicacy.  Under  such  circumstances  we  may  consider  what  is  the 
variable  chemical  error  at  a  pH  of  7-0.  We  have 

°c  =  +  Pf)  X  v. 

In  general  we  could  titrate  micro  volumes,  using  indicator  con¬ 
centrations  of  about  1-5  x  10~5M  or  even  less  at  the  end-point, 
that  is,  with  about  half  the  indicator  buffering  previously  con¬ 
sidered,  so  that 


crc  —0-04(2  x  10  7  -f  7  x  10  6)  =0-3  x  10-6  millimols/ml., 

which  represents  the  minimum  variable  chemical  error  or  a  figure 
reasonably  close  thereto. 

In  such  titrations  it  is  assumed  that  the  alkali  used  is  perfectly 
free  from  carbon  dioxide,  the  merest  trace  of  which  will  introduce 
a  comparatively  serious  error.  Such  an  ideal  alkali  is  approached 
in  practice  only  when  we  use  barium  hydroxide. 

The  effect  of  absorbed  ammonia  or  other  weak  base  on  the 
variable  chemical  error  in  acidic  titrations.  Where  the  acid  has 
been  used  to  absorb  ammonia,  on  approaching  a  pH  of  7-0  we 
introduce  a  new  error  due  to  the  buffering  produced  by  the 
absorbed  ammonia.  It  is  of  some  interest  to  inquire  into  the 
magnitude  of  such  an  error. 

The  ammonium  ion  may  be  conveniently  regarded  as  a  weak 
acid  dissociating  into  ammonia  gas  and  hydrogen  ion,  with  a  dis¬ 
sociation  constant  of  approximately  10~9‘4.  Writing  then  the 
general  buffering  equation  for  a  weak  acid  as  developed  above 
for  the  indicator  buffering  (equation  72),  we  have 


dB  2-3  x  10_9'4(7am  x  [H‘] 


dpH  (10~9'4  +  [H'])2 


and  (from  59), 


.  dB  TT  0-092  x  10-9-4Uaw  x  [H‘]  ^  v 
=  °'°%u  x  v  -  (10-9-‘  +  [H  ])2 


VARIABLE  CHEMICAL  ERROR  323 

At  pH  values  at  or  below  7-0,  lO^4  in  the  denominator  is 
negligibly  small  when  compared  with  [H  ],  so  that 

(73) 


<Tc  = 


0-092  xCam'x  IQ-9’4  ^  y 


rHi 


The  variable  error  at  the  end-point  is  therefore  proportional 
to  the  amount  of  absorbed  ammonia  present.  If,  however,  it 
is  the  ammonia  and  not  the  acid  that  is  being  determined,  then 
the  relative  percentage  error  will  be 


0-092  x  10 

IhT 


-9-4 


X  100 


(74) 


or  a  figure  independent  of  the  ammonia  absorbed  and  dependent 
only  on  the  pH  and  the  dissociation  constant.  Putting  in  the 
end-point  pH,  we  get  0-11  x  10-2'0  or  a  quite  negligible  figure  at 
5-5  pH.  At  a  pH  of  7-0  it  becomes  0-04%  or  something  just 
appreciable. 

A  similar  treatment  may  be  extended  to  other  weak  bases. 


CHAPTER  XLI 


THE  RATIONALE  OF  MICRO  TITRATION 

The  general  variable  error  of  titration  is  given  by  the  equation 
already  considered  (58), 


crc,  apart  from  the  indicator,  being  proportional  to  the  volume  at 
the  end-point.  For  special  conditions  the  form  of  the  equation 
will  alter  somewhat,  as  considered  below. 

We  have  seen  that  for  exposed  titrations  with  methyl  red  ac 
is  of  the  order  1  x  10-6  millimol  for  each  ml.  of  end-point  volume 
with  a  possible  reduction  to  0-3  x  10-6  in  a  stream  of  carbon 
dioxide  free  air  when  titrating  at  a  pH  of  7-0,  though  for  volumes 
over  a  few  ml.  the  titration  in  a  current  of  carbon  dioxide  free 
air,  if  it  is  to  be  conducted  efficiently,  will  be  found  an  incon¬ 
venient  procedure.  These  figures  apply  when  the  only  buffering 
present  at  the  end-point  is  the  hydrogen  and  hydroxyl  ions  of  the 
water,  the  carbon  dioxide  of  the  atmosphere  and  the  indicator. 
It  has  also  been  shown  that  when  ammonia  is  being  determined  it 
begins  to  introduce  a  just  appreciable  buffering  of  its  own  at  a 
pH  of  7-0,  the  variable  error  being  then  0-04%  and  independent  of 
the  ammonia  concentration. 

A  certain  glass  error  becomes  unavoidable  in  titration,  but 
where  there  is  no  restriction  on  quantity  of  material  the  chemical 
error  above  can  be  reduced  to  any  level  considered  negligible  by 
increasing  q  or  the  quantity  examined.  The  introduction  of  an 
appreciable  variable  chemical  error  of  the  type  considered  would 
therefore  be  merely  incorrect  technique  when  we  have  a  large 
amount  of  substance.  When,  on  the  contrary,  there  is  only  a 
small  amount  of  material  for  analysis,  we  may  be  unable  to  increase 
q  sufficiently  to  avoid  an  appreciable  chemical  error.  In  this  case 
we  must  proceed  by  diminishing  the  end-point  volume.  This  is  the 
chief  reason  for  the  employment  of  a  micro  volumetric  procedure. 
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Were  it  not  for  this  question  of  variable  chemical  error,  after 
an  initial  micro  measurement  either  of  volume  or  quantity  we 
could  conduct  the  remaining  analysis  by  macro  volumetric  pro¬ 
cedure  subsequent  to  dilution. 

It  will  be  seen  that  at  the  same  time  any  constant  deviation  of 
the  final  pH  from  that  of  the  ideal  end-point  becomes  propor¬ 
tionally  less  as  we  increase  the  concentration  for  titration,  or  de¬ 
crease  the  volume  with  fixed  quantity.  This  applies  to  the  titra¬ 
tion  of  weak  acids  and  bases  as  well  as  to  strong,  and  may  be 
derived  formally  from  the  equations  in  the  chapter  on  the  con¬ 
stant  chemical  error. 

The  value  of  a  micro  technique  in  this  restricted  sense  has 
been  already  pointed  out  by  Rehberg  (1925),  but  since  the  titration 
error  referred  to  is  a  constant  error  and  may  be  theoretically 
determined  and  so  allowed  for,  it  is  not  so  important  a  reason  as 
that  previously  given. 

With  many  precipitates,  when  these  are  subsequently  worked 
up  volumetrically  or  otherwise,  it  is  necessary  also  to  keep  the 
fluid  volume  low  to  avoid  appreciable  solution. 

Besides  such  reasons  of  accuracy,  we  have  others  also  which 
favour  volume  reduction  with  reduced  quantities.  Many  standard 
solutions,  for  example,  maintain  their  effective  concentrations 
better  in  concentrated  than  in  weak  solutions,  and  this  applies 
not  only  to  reagents  like  permanganate  and  thiosulphate,  but  also 
to  ordinary  standard  acids  and  alkalis. 

Finally,  we  have  reasons  of  economy,  not  only  of  material  but 
often  of  time,  in  favour  of  a  micro  procedure.  Summarising,  we 
may  say  that  the  following  reasons  may  determine  the  choice  of 
a  micro  volumetric  procedure  throughout  : 

(1)  The  diminution  of  the  variable  chemical  error,  often  the 

compelling  reason  for  accurate  work. 

(2)  Diminution  of  the  effect  of  constant  chemical  error  of  the 

end-point  when  this  deviates  from  the  ideal. 

(3)  Diminution  of  loss  by  solution  with  small  precipitates  in- 

tended  for  quantitative  measurement. 

(4)  The  better  keeping  value  of  concentrated  solutions. 

(5)  Reasons  of  economy  in  material,  and  often  in  time. 
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In  the  reasons  1  and  2,  acidimetric  titration  is  implied,  though 
analogous  considerations  hold  for  other  volumetric  titrations  in 
which  there  is  a  change  of  one  spectral  colour  to  another  at  the 
end-point.  Here  as  before  we  will  have  a  variable  error  of  colour 
discrimination  which  will  be  related  to  concentration  of  the 
titrating  reagent  in  excess  or  defect.  An  apparent  exception  is 
provided  in  the  change  from  no  colour  to  a  coloured  end-point. 
This  will  be  virtually  a  change  from  white  to  some  spectral  colour, 
and  we  can  increase  the  depth  of  the  latter  and  hence  our  dis¬ 
crimination  by  merely  increasing  the  depth  of  fluid  looked 
through  without  altering  the  concentration.  The  choice  of  a 
micro  volumetric  technique  will  here  depend  rather  on  the  other 
reasons  given  and  the  inconvenience  of  titrating  long  columns  of 
fluid. 

Experimental  exemplification  of  the  interplay  of  the  variable 
glass  and  chemical  errors.  A  large  series  of  titrations — 167  in  all 
— were  carried  out  with  the  same  glassware.  At  the  time  of  these 
titrations  the  fuller  implications  of  the  error  of  titration  as  de¬ 
veloped  here  were  not  known,  but  they  serve  as  an  illustration  of 
the  main  reason  on  which  the  use  of  the  micro  volumetric  pro¬ 
cedure  turns,  and  of  the  interplay  of  the  variable  glass  and 
chemical  errors. 

In  the  series  1  ml.  of  standard  acid  was  delivered  from  a  Bang 
burette  into  a  ‘  unit  OT  ml.  Tashiro’s  reagent  pipetted  into  the 
acid  and  the  mixture  titrated  with  standard  carbon  dioxide  free 
NaOH  of  the  same  strength  as  the  acid.  Successive  series  of  such 
titrations  were  carried  out  varying  the  acid  and  alkali  strengths 
in  each  series,  but  keeping  the  conditions  otherwise  the  same. 

These  titration  series  may  be  examined  in  relation  to  the 
equation  (already  considered  in  Chapter  XL), 


where  vs  is  the  variable  error  of  the  full  titration,  va  that  of  the 
glass,  ac  the  variable  chemical  error,  and  q  the  quantity  titrated. 
The  total  glass  error  can  be  determined  by  titrating  a  series  of 
acid  deliveries  so  strong  that  the  chemical  error  is  negligible, 
but  it  may  also  be  determined  from  its  individual  components  of 
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pipette  error  (here  the  delivery  error  from  a  Bang  burette), 
burette  delivery  error  and  manipulation  error.  These  are  related, 
as  already  discussed  in  Chapter  XXXIX,  by  the  equation  : 

vg2=vf  +  vb2  +  (j^  . 

The  following  values  were  found  experimentally 

=  OT 1  % , 

^6=0-11%, 

om  =  l- 3  c.mm., 

Vb  =  1-0  ml. 

The  total  variable  glass  error  therefore  becomes 

vg  =  V<Ml2  +  0-ll2  +  0-132 
=  0-203%. 

In  a  similar  way  we  could  build  up  the  variable  chemical  error 
from  the  water,  carbon  dioxide  and  indicator  buffering  and  the 
variable  pH  error  of  the  end-point  as  a  standard  deviation.  The 
total  variable  chemical  error  was,  however,  determined  from  a 
titration  series  of  acid  so  weak  that  the  glass  error  did  not 
appreciably  enter,  and  was  found  to  be  1-92  x  10~6  millimols. 

The  result  of  the  series  of  titrations  are  then  seen  in  the  fol¬ 
lowing  table  (and  in  Fig.  63),  in  which  the  experimental  and 
theoretical  results  (from  equation  58)  are  given. 


Table  XXXI 


Normality 
of  acid 
and  alkali 
(N). 

No.  of 
titrations. 

Total  variable  error 
of  titration  (vf). 

Titration  error 
expressed  as  millimols 
of  alkali. 

Exp. 

T  heor. 

Exp. 

3  heor. 

01 

001 

0001 

00005 

0-0002 

0-0001 

52 

26 

20 

IS 

51 

0-20 

0-19 

0-30 

0-45 

0-95 

0-20 

0-20 

0-27 

0-42 

0-96 

1-88 

2- 00  x  10-4 

1- 90  x  10~4 

3- 00  x  10-« 

2- 25  x  10~6 
1-90  x  10-« 

2-00  x  10-4 
2-00  x  10-5 
2-70  x  10~6 
2-10  x  10-6 
1-92  x  10~6 
1-88  x  10-« 

The  question  of  ideal  volumes.  When  the  need  of  a  micro 
technique  occurs  in  securing  a  desired  accuracy  of  determination, 
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the  question  arises  as  to  how  far  we  are  to  reduce  the  volume. 
Unless  we  have  some  guiding  principles  here  to  go  by,  the  extent 
of  this  reduction  can  only  be  arbitrary,  or  determined  mostly  by 
the  micro  apparatus  at  our  disposal. 
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Fig.  63.  The  curves  show  the  variable  error  in  titrating  1  ml.  hydro¬ 
chloric  acid  with  1  ml.  carbon  dioxide  free  alkali  from  a  2  ml.  Bang 
burette,  using  the  Tashiro  indicator  (01  ml.).  (Vide  text.) 

Dots  and  crosses  give  the  experimental  points,  the  curves  being 
theoretical. 

The  dotted  curve  gives  the  variable  error  in  millimols  alkali  (KOH). 


If  we  consider  the  pipettes  and  burettes  in  actual  use,  we  shall 
find  that  as  the  glassware  is  reduced  in  volume  to  deliver  smaller 
and  smaller  amounts,  the  percentage  error  of  the  delivery  in¬ 


creases. 

As  previously  shown,  this  need  not  be  so,  but  it  is  a  fact  of 
the  conventional  usage. 
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It  has  been  shown  in  Chapter  XL  that  the  variable  chemi¬ 
cal  error  decreases  as  the  volume  decreases,  so  that  at  some  point 
we  must  have  an  ideal  volume  when  the  error  is  least.  \\  e  could 
solve  for  such  a  volume  if  a  relation  were  found  connecting  the 
conventional  increase  of  error  with  decrease  of  glass  volume. 
This,  however,  would  be  a  doubtful  procedure,  for  within  limits 
we  can  have  almost  any  degree  of  glass  accuracy,  and  it  is  prefer¬ 
able  to  consider  firstly  what  degree  of  accuracy  we  want,  and  then 
to  relate  our  volumes  accordingly,  and  this  we  may  do  approxi¬ 
mately  as  follows. 

A  general  principle  of  micro  volumetric  limitation.  In 

general  it  may  be  said  that  the  end-point  volume  in  micro  volu¬ 
metric  procedure  should  be  such  that  the  variable  chemical  error 
is  at  most  half  the  variable  glass  error  that  we  require.  From  our 
glassware  we  can  then  secure  the  accuracy  we  wrant  in  accordance 
with  the  principles  already  outlined.  If,  for  example,  an  accuracy 
at  the  0-1%  (coefficient  of  variation)  level  is  desired,  the  end-point 
volume  should  give  a  variable  chemical  error  not  greater  than 
0-05%,  when  the  total  error  of  titration  with  a  glass  error  of  0-1% 
will  not  exceed  0-11%.  Further  volume  reduction  will  secure 
practically  no  advantage  and  only  serve  to  increase  the  difficulty 
with  which  is  obtained  the  necessary  glass  accuracy. 

The  question  then  remains  as  to  how  we  are  to  predict  the 
volume  that  gives  us  a  variable  chemical  error  of,  say,  0-05%. 
Here  we  may  assume  as  a  working  relation  that  the  variable 
chemical  error  goes  proportionally  to  the  end-point  volume, 
though  this  strictly  necessitates  the  indicator  concentration  being 
always  the  same  therein.  We  may  write  then 

7^0*  =  %  (75) 

where  V  is  the  end-point  volume,  <xc  the  variable  chemical  error  in 
milhmols  per  ml.  end-point  volume,  q  the  millimols  titrated  and 
vg  the  glass  error  at  the  level  required. 

For  acidimetric  titration  with  methyl  red  oc  may  be  taken  as 
approximately  1  x  10  «,  so  that  in  the  above  example  if  q  were 

“d  *»  =  ®‘ : 1 -  V  would  squire  to  be  0-5  ml.  If  our  figures  were 
exact  it  would  not  be  an  advantage  to  have  the  end-point  volume 
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less  than  0-5  ml.  Since,  however,  the  variable  chemical  error  cannot 
be  accurately  predicted  for  a  given  set  of  conditions,  it  would  here 
be  safer  to  take  somewhat  less  than  the  volume  so  derived. 

A  special  principle  of  micro  volumetric  limitation  for  use  with 
a  burette,  and  fixed  pipetted  volumes.  When  we  are  restricted 
to  the  use  of  a  special  burette  and  a  given  pipetted  volume  it  may 
perhaps  be  of  some  interest  to  note  that  there  is  an  ideal  volume 
of  alkaline  solution  to  add  from  the  burette  corresponding  to  the 
quantity  of  acid  titrated.  The  consideration  of  such  ideal  volumes 
is  useful  only  as  a  working  guide  and  within  a  certain  range  of  q. 
For  the  methyl  red  with  methylene  blue  titrations  already  con¬ 
sidered  the  figure  may  be  arrived  at  as  follows. 

We  may  suppose,  for  example,  that  the  pipetted  acid  always 
contains  methyl  red  in  the  concentration  of  0-0008%  with  the 
usual  relation  of  methylene  blue,  etc.  The  total  error  (vt)  of  the 
titration  may  be  written 


Vt2=Vv2+Vh~  f 


(Jr 


\10Fft 


2  JQ4 

)  H - <r{(  F6  +  V v)  x  w  +  Vp  x  i}2.  (76) 


In  this  equation  vv  and  vb  are  the  pipetted  and  buretted  delivery 
errors  respectively  as  coefficients  of  variation,  am  is  the  manipula¬ 
tion  error  in  c.mm.,  Vb  and  V  v  the  buretted  and  pipetted  volumes 
respectively,  w  is  the  water  and  carbon  dioxide  buffering  and  i  is 
the  indicator  buffering,  both  being  multiplied  by  the  standard 
deviation  of  the  colour  change  at  the  end-point  expressed  as 
pH  units. 

On  differentiating,  equating  to  zero  and  re-arranging,  we  get 


Vh 


(77) 


When  Vb  is  of  the  same  order  or  greater  than  V P  and  the  indicator 
strength  is  maintained  as  low  as  conveniently  possible,  the  fourth 
root  of  the  bracketed  expression  on  the  left  will  approximate  to 
unity,  and  we  get  as  a  working  rule 

F„  =  0-03  „/— •  (78) 

V  w 


Let  us  suppose,  for  example,  we  wished  to  know  the  ideal 
buretted  volume  in  titrating  1  ml.  of  10  -J  A  acid,  using  the 
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methyl  red  (or  methyl  red/methylene  blue)  end-point.  At  this 
end-point  the  water  and  carbon  dioxide  (in  equilibrium  with  air) 
buffering  is  12  x  10~6  millimols.  If  a  standard  deviation  of  the 
colour  change  at  the  end-point  of  0-04  pH  is  assumed,  then  w 

becomes  0-5  x  10-6. 

We  may  then  write 

F„  =  42  J^q  (79) 


whence 


q  — 10-3. 


With  the  Bang  2  ml.  burette  when  om  is  1-3  (c.mm.)  the  value  of 
V  is  1-5  ml.  With  the  horizontal  burette  when  am  is  0-30  (minimal 
emergence  of  1  c.mm.)  and  q  is  0-2  x  10-3  we  get  0-24.  The  value 
of  c rTO  or  the  manipulation  error  is  very  largely  due  to  the  end¬ 
point  emergence  which  gives  an  error,  as  already  mentioned, 


expressed  by 


where  l  is  the  emergence  in  c.mm. 


It  is  scarcely  necessary  to  say  that  these  figures  are  only 
approximate,  but  afford  at  least  a  rational  basis  for  the  order 
of  limitation  in  micro  volumetric  titration. 


CHAPTER  XLII 


THE  CONSTANT  GLASS  ERROR 

The  constant  glass  error  as  here  defined  is  the  difference  between 
the  mean  value  of  a  large  number  of  single  deliveries  (or  fillings) 
and  the  nominal  value  under  fixed  conditions  of  temperature, 


rate  of  delivery,  drainage,  etc. 

The  constant  error  may  always  be  exactly  allowed  for  in  con- 
tiast  to  the  variable  error.  We  can  know  the  probable  magni¬ 
tude  of  this  latter,  but  under  the  fixed  conditions  of  our  procedure 
we  cannot  alter  or  remove  it. 

Determination  of  the  constant  glass  error.  This  deter¬ 
mination  amounts  to  the  standardisation  of  the  glassware  in  the 
usual  sense,  and  may  be  carried  out  by  determining  the  mean 
weight  of  five  deliveries  or  fillings  under  the  fixed  working  con¬ 
ditions  of  the  particular  glassware. 

The  standard  deviation  of  the  mean  value  taken  from  a  series  of 
observations  is  given  by 


(80) 


where  five  deliveries  are  taken  and  a  is  the  standard  deviation 
of  the  single  delivery  from  the  true  mean.  am  will  add  to  the 
standard  deviation  of  the  single  delivery  as  if  it  were  itself  an 
uncorrelated  variable  error,  so  that  we  have  the  sum  as 


(7S  =  n/ct2  +  (0-5ct)2 
=  1-  12a. 


(81) 


It  will  be  seen  that  by  taking  five  deliveries  the  sum  is  very 
little  different  from  the  true  standard  deviation,  so  that  the  five 
delivery  mean  functions  here  for  all  practical  purposes  as  the  true 
mean.  Where  a  volumetric  flask  is  being  standardised  only  one 
filling  need  be  weighed  since  the  variable  error  is  negligible. 

The  five  deliveries  are  made  into  a  tared  weighing  bottle  or 
into  a  beaker  covered  with  a  watch  glass,  and  from  the  mean 
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weight  the  volume  is  determined.  In  the  ensuing  section  we 
shall  consider  how  the  volume  is  obtained  from  the  weight  at  a 
given  temperature  and  how  it  may  be  corrected  for  a  standard 

temperature. 

Determination  and  standardisation  of  the  volume  from  the 
mean  weight  at  a  given  temperature.  When  the  mean  weight  has 
been  found,  the  volume  at  the  given  temperature  or  the  volume  at 
some  standard  temperature  is  then  determined  from  suitable 

tables  (Tables  XXXII,  XXXIII). 

We  may  firstly  consider  a  useful  rule  for  working  with  factors 
close  to  unity.  The  multiplication  or  division  of  such  factors  can 
be  treated  as  additions  and  subtractions. 

Thus  (1  +  x){l  +y)  =  l  +x+y  +  xy,  (82) 

but  if  x  and  y  are  less  than  one  part  in  100  or  less  than  1%, 
then  xy  may  be  neglected  and  we  have 

(1  +z)(l  +y)  =  l  +x  +  y.  (83) 

1  x 

Similarly  - - =  ( 1  +  x)  ( 1  +  y)”1 

=  (!  +  z)(l  -y  +  y2-yz,  etc.) 

=(i  +  *)(i  - y ), 

(since  y2,  etc.,  may  be  neglected) 


=  l+x-y,  (84) 

as  in  the  first  example. 

If  we  consider  the  1  in  these  factors  as  understood  wre  can  then 
always  work  as  if  they  subtracted  or  added  irrespective  of  their 
being  in  fact  divisions  or  multiplications.  With  the  various  small 
corrections  to  be  considered  we  need  only  write  these  down  at 
once  with  due  consideration  of  their  signs,  and  instead  of  being 
parts  in  1,  we  shall  consider  them  to  be  parts  in  100  to  avoid  undue 
writing  of  zeros.  Not  only  can  the  various  temperature  and 
density  corrections  be  treated  in  this  fashion,  but  also  the  final 
allowances  for  the  constant  errors  in  titrations. 

If,  for  example,  wre  have  a  number  of  such  to  deal  with  and 
w'rite  them  as 


a  +  b  -  c  +  d,  etc., 


334 


VOLUMETRIC  ERROR 
and  require  to  correct  a  figure  X,  then 


rv(i  +?  +  6-c  +  rf,  etc.\ 

\  100  ) 

gives  the  required  correction. 

In  the  correction  of  an  observed  weight  of  a  delivery  or  a  filling 
of  distilled  water,  we  have  four  possible  corrections  to  consider.3 

(1)  The  density  correction.  If  the  weight  of  a  given  volume 
of  water  in  vacuo  is  W,  then 


V  = 


ll 


(85) 


where  I  is  the  volume  and  p  is  the  specific  gravity,  p  mav  be 
■Jqq)  and,  according  to  the  above  treatment,  we 


written  as  .^1 
may  write 


V  =  W  1 


lOOy 


(86) 


where  s  is  100  times  the  specific  gravity  subtracted  from  unity. 
The  value  of  s  is  given  in  Table  XXXII. 

(2)  The  air  displacement  corrections.  The  weight  in  air  will 
be  smaller  than  the  weight  in  vacuo  by  the  weight  of  the  air  dis¬ 
placed  by  the  water  over  that  of  the  brass  weights.  This  cor¬ 
rection,  though  small,  is  larger  than  may  seem  likely  on  a  first 
approach,  being  approximately  0T%  of  the  total  weight. 

If  V  is  the  volume  of  water,  then  V  ^1  -  — j  is  the  volume  of 

air  displaced  where  pw  is  the  density  of  the  water  and  pb  the 
density  of  the  brass  weights.  This  volume  of  air  multiplied  by 
the  density  of  air  ( =pa )  at  the  given  temperature  and  barometric 
pressure  will  give  the  necessary  correction. 

The  full  expression  for  the  weight  of  air  displaced  in  excess  of 
the  weights  by  100  ml.  water  is  given  by 


o=100(1-ft)x',-x^x4-  (87) 

where  pa  is  the  density  of  the  air  at  zero  centigrade  and  T  and  P 
are  the  temperature  (absolute)  and  barometric  pressure. 

pb  is  8*4  and  pa,  0-00129. 


Here 
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The  correction  for  differences  of  barometric  pressure  may  be 
neglected  since  it  will  introduce  at  ordinary  levels  only  a  negligible 

variation. 


Table  XXXII 


Temp. 

s 

a 

10° 

0027 

0-109 

11 

0  037 

0-109 

12 

0  048 

0-109 

13 

0-060 

0-108 

14 

0-073 

0-108 

15 

0-087 

0-107 

16 

0-103 

0-107 

17 

0-120 

0-107 

18 

0-138 

0-106 

19 

0-157 

0-106 

20 

0-177 

0-105 

21 

0-198 

0-105 

22 

0-220 

0-105 

23 

0-244 

0-104 

24 

0-268 

0-104 

25 

0-293 

0-103 

26 

0-319 

0-103 

27 

0-346 

0-103 

28 

0-374 

0-102 

29 

0-403 

0-102 

30 

0-433 

0-101 

g 

/ 

0-026 

0-064 

0-023 

0-058 

0-021 

0-051 

0-018 

0-045 

0-016 

0-038 

0-013 

0-032 

0-010 

0-026 

0-008 

0-019 

0-005 

0-013 

0-003 

0-006 

0-000 

0-000 

0-003 

-  0-006 

0-005 

-  0-013 

0-008 

-  0-019 

0-010 

-  0-026 

0-013 

-  0-032 

0-016 

-  0-038 

0-018 

-  0-045 

0-021 

-  0-051 

0-023 

-  0-058 

0-026 

-0-064 

For  the  purpose  of  this  small  correction  also  the  volume  of 
water  may  be  taken  as  equivalent  to  the  weight  of  the  water. 

The  required  correction  a  is  listed  in  Table  XXXII,  and  is 
there  100  times  the  correction  for  1  g.  water. 

Combining  this  allowance  with  the  previous  we  may  write 


V  =  W 


a 


s  +  a\ 

Too  /  ’ 


(88) 


where  Wa  is  now  the  weight  in  air  and  V  the  volume. 

(3)  The  correction  for  glass  expansion.  If  we  have  deter- 

elivery  or  filling  at  a  given  tempera¬ 
ture,  when  we  use  the  same  glassware  at  another  temperature 
the  volume  of  the  glass  will  have  altered,  requiring  a  correction, 
therefore,  for  the  glass  expansion.  This  is  obviously  a  correction 
for  use  when  we  are  permanently  standardising  the  glass  and  is 
quite  unnecessary  where  we  want  the  actual  volume  after  weighing 
of  the  immediate  delivery  or  filling.  It  is  convenient  to  make  the 
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correction  to  some  standard  temperature  and  to  correct  sub¬ 
sequently  from  this  by  a  table  for  varying  room  temperatures. 

It  is  clear  that  the  internal  volume  of  the  glassware  will  alter 
just  to  the  same  extent  as  if  the  whole  of  the  internal  air  space 
of  the  empty  vessel  were  solid  glass.  We  must  consider  therefore 
the  cubical  expansion  of  V  the  volume  of  glass. 

The  cubical  expansion  of  glass  is  given  as  0-000026  per  ml.  per 
degree  in  the  International  Critical  Tables,  so  that  for  V  ml.  at 
t°,  we  have  the  excess  volume  at  20°  : 


(20  - 1°)  x  0-000026  V, 

and  for  100  ml.,  or  practically  100  g.  of  the  weighed  water,  it  will  be 

(20  - 1°)  x  0-0026. 

This  percentage  correction  is  listed  in  Table  XXXII  as  g,  so  that 

s  +  a  -rg^ 


V  —  W„[l+- 


100 


(89) 


where  V  is  the  volume  of  a  volumetric  flask  to  the  mark  at  20° 
when  the  weight  in  air  of  the  filling  at  t°  is  Wa. 

The  magnitude  of  this  g  correction  for  a  divergence  of  plus  or 
minus  10°  from  20°  is  0-026,  and  could  therefore  be  neglected  in 
practice,  but  is  usually  included  in  a  formal  treatment. 

(4)  The  correction  for  changes  in  wall  fluid  with  temperature. 
This  correction  does  not  apply  to  the  volumetric  flask  in  which 
the  fluid  volume  is  not  delivered  but  made  up  to  the  mark.  The 
volume  of  fluid  left  behind  on  the  walls  changes  with  temperature 
as  determined  from  the  measurement  of  this  volume  with  the 
25  ml.  standard  pipette.  This  effect  has  already  been  given  in 
Table  XXIII. 

The  wall  fluid  increases  as  the  temperature  decreases,  and  like 
this  will  diminish  the  volume  delivered.  For  every  100  ml.  de¬ 
livered  the  wall  fluid  decreases  0-0064  ml.  for  every  degree  rise  of 
temperature.*  The  correction  is  listed  in  Table  XXXII  as  j  and 
for  a  range  of  plus  or  minus  five  degrees  this  correction  amounts 
to  0-036%.  We  have  then  for  the  combination  of  the  four  correc¬ 
tions  to  standardise  a  pipette  or  burette 

s  +  a+g+f ' 


V  =  W  a  1  + 


100 


(90) 


Using  these  four  basic  corrections,  we  may  consider  the  various 

*  See  note  at  end  of  chapter. 
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instances  in  which  they  arise.  These  will  be  considered  formally  , 
with  subsequent  consideration  of  the  corrections  we  may  omit  or 

consider  unnecessary  to  apply  in  general. 

From  the  principle  of  treating  small  errors  given  at  the  be¬ 
ginning  of  the  chapter,  the  required  combinations  of  the  correc¬ 
tions  can  be  written  down  at  once  as  additions  or  subtractions 
after  a  consideration  of  sign. 


I.  Actual  volume  of  a  weighed  quantity  of  water  at  any  room 
temperature. 

Here  we  have  s,  the  density  correction,  and  a,  the  air  displace¬ 
ment  correction,  to  consider.  Both  will  obviously  be  positive, 
so  that 


V  =  Wjl  + 


a 

Too 


(91) 


where  a  =5  + a.  a  is  given  in  Table  XXXIII. 


II.  Standardisation  to  20°  of  a  volumetric  flask,  the  weight  of 
the  filling  being  taken  at  t°. 

Here  we  have  to  consider  s,  a  and  g,  the  last  being  the  glass  ex¬ 
pansion  correction.  We  have  to  consider  only  the  sign  of  g. 
If  it  is  less  than  20°  the  effect  of  g  must  be  positive  since  the 
volume  will  expand  on  heating  to  20°.  Making  g  always  positive 
in  the  equation  will  mean  positive  values  below  20°  in  table  and 
negative  values  above,  as  already  considered.  We  have  then 

V=W°  ('  +Ioo)  ’  (92) 

where  /3  is  (5  + a  +g)  and  is  listed  in  Table  XXXII. 


III.  Standardisation  of  pipette  or  burette  mean  delivery  to  a 
standard  temperature  of  20°  ;  the  mean  weight  of  five  deliveries 
being  taken  at  t°. 

Heie  we  have  s,  a,  g  and  f  to  consider.  We  have  then 

r="“(1+roo)'  <93) 

where  y  is  (s  a  +  g  +/). 

The  value  of  y  is  listed  in  Table  XXXIII. 

IV.  A  volumetric  flask  standardised  for  20°  is  used  at  some 
other  temperature,  t°,  the  volume  correction  being  required. 

The  sum  of  the  corrections  for  IV  and  II  must  give  that  for 
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Table  XXXIII 


Temp. 

a 

|8 

y 

8 

€ 

t 

V 

e 

10° 

0130 

0-102 

0-220 

-  0-020 

-0-090 

-  0-124 

-  0-060 

0-150 

11 

0140 

0-109 

0-227 

-  0-023 

-  0-081 

-0-117 

-  0-059 

0-140 

12 

0157 

0-178 

0-229 

-  0-021 

-0-072 

-0-108 

-  0-057 

0-129 

13 

01 08 

0-180 

0-231 

-  0-018 

-0-063 

-  0-099 

-  0-054 

0-117 

14 

0181 

0-197 

0-235 

-0-010 

-  0-054 

-  0-088 

-  0-050 

0-104 

15 

0194 

0-207 

0-239 

-  0-013 

-  0-045 

-  0-077 

-  0-045 

0-090 

10 

0-210 

0-220 

0-240 

-  0-010 

-  0-036 

-  0-066 

-0-038 

0-074 

17 

0-227 

0-235 

0-254 

-  0-008 

-  0-027 

-  0-049 

-0-030 

0-057 

18 

0-244 

0-249 

0-202 

-  0-005 

-  0-018 

-0-034 

-0-021 

0-039 

19 

0-203 

0-205 

0-271 

-  0-003 

-  0-009 

-0-017 

-0-011 

0-020 

20 

0-282 

0-282 

0-282 

0-000 

0-000 

0-000 

0-000 

0-000 

21 

0-303 

0-300 

0-294 

0-003 

0-009 

0-018 

0-012 

-0-021 

22 

0-325 

0-320 

0-307 

0-005 

0-018 

0-038 

0-025 

-  0-043 

23 

0-348 

0-340 

0-321 

0-008 

0-027 

0-059 

0-040 

-  0-067 

24 

0-372 

0-302 

0-330 

0-010 

0-036 

0-081 

0-055 

-  0-091 

25 

0-390 

0-383 

0-351 

0-013 

0-045 

0-103 

0-071 

-  0-116 

20 

0-422 

0-400 

0-308 

0-016 

0-054 

0-126 

0-088 

-  0-142 

27 

0-449 

0-431 

0-380 

0-018 

0-063 

0-151 

0-106 

-0-169 

28 

0-470 

0-455 

0-404 

0-021 

0-072 

0-176 

0-125 

-0-197 

29 

0-505 

0-482 

0-424 

0-023 

0-081 

0-203 

0-145 

-  0-226 

30 

0-534 

0-508 

0-444 

0-026 

0-090 

0-230 

0-166 

-0-256 

I,  since  if  a  pipette  is  standardised  to  20°  at  a  room  temperature 
of  t°  and  then  wanted  for  immediate  use,  obviously  on  correcting 
back  to  t°,  we  would  obtain  the  actual  volume  of  the  delivery 
examined,  or  the  value  considered  in  I,  consequently  the  required 


correction  is 


Vt  =  V20  1  + 


100 


(94) 


where  8  is  (5  +  a)  -  (s  +  a  +  g)  —  -g. 

8  is  listed  in  Table  XXXII  and  is  merely  minus  the  g  value  of 

the  previous  table. 

V.  A  pipette  or  burette  standardised  for  20  is  used  at  some 
other  temperature,  t°,  the  extra  volume  correction  for  delivery 

being  required. 

Here  as  with  IV  the  sum  of  the  corrections  in  II  and  V  must 
give  that  in  I,  so  that  we  may  write 

Vt  =  V2Q  (l  +  Jqq)  > 


where  €  is  {s  +  a)  -{s  +  a  +  g+f)  or  -(f+g ). 
This  correction  is  listed  in  Table  XXXIII. 


(95) 
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Reduction  in  the  number  of  the  volume  corrections.  For 

work  short  of  the  finest  all  the  above  corrections  may  be  re¬ 
duced  to  one,  namely,  a,  i.e.  for  p  and  y  we  may  write  a,  and  con¬ 
sider  S  and  e  as  negligible,  a  is  the  percentage  factor  for  con¬ 
verting  a  weighed  quantity  of  water  to  a  volume. 


Example  of  the  corrections  and  factors  in  use. 

Mean  weight  of  five  deliveries  from  a  25  ml.  pipette  24-9275  g. 
Temperature  of  water  23-5°. 

It  is  required  to  standardise  the  pipette  for  20°. 


The  value  of 


(24-9275-25-0000) 

25 


x  100=  -0-290, 


so  that 


If  =  25  1 


(  -0-290) 
100 


From  I  above  the  y  correction  is  required,  so  that 


V  =  25 
=  25 


y  —  0-290\ 
100  / 
0-038\ 

Too  /  ’ 


y  from  Table  XXXIII  being  0-328  at  23-5°. 

The  factor  of  the  pipette  for  20 3  is  therefore  most  convenient!  v 
expressed  as  P2 0  =  +0-038. 

This  factor  may  then  be  kept  as  a  constant  standardising 
factor  of  the  25  ml.  pipette  at  20°. 

The  actual  volume  of  the  delivery  at  20°  from  the  above  is 
OK/.  0-038\ 

25  V1  +T00/  0r  25'0097  ml. 


2nd  example.  A  25  ml.  pipette  has  a  factor  at  20°  (P.,0  as  in 
above  example)  of  +  0  084,  and  is  used  at  a  room  and’  water 
temperature  of  25°.  What  is  the  factor  for  this  temperature  ? 

We  have  from  IV  above 


V=Vjl  + 


=  25 


100 
P 


=  25  1 


20  1 


100 
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p2„  is  +0-084  and  S  from  Table  XXXIII  is  0-013,  so  that  the 
factor  for  25  degrees  is 

0-084  +  0-013  =0-097. 

Thus  the  final  factor  is  got  at  once  by  reading  8  from  Table 
XXXIII  and  adding  to  P20. 

From  the  above  two  examples  it  will  be  seen  that  all  the  glass- 
ware  should  be  standardised  for  20°  with  their  respective  per¬ 
centage  factors  noted.  From  these  any  other  correction  is  very 
easily  obtained  simply  by  adding  or  subtracting  the  figure  ob¬ 
tained  from  the  table. 

The  other  factors  of  Table  XXXIII  are  explained  in  the  en¬ 
suing  chapter  concerning  the  constant  chemical  correction. 

The  corrections  with  analytical  solutions.  The  corrections 
considered  above  may  be  taken  to  apply  when  using  all  volu¬ 
metric  solutions  irp  to  0-1X  concentrations,  and  even  with  solu¬ 
tions  of  normal  concentration,  with  some  few  exceptions. 

With  regard  to  these  exceptions,  the  volumes  delivered  from  a 
100  ml.  pipette  of  a  number  of  ordinary  reagents  up  to  normal 
strength  have  been  investigated  by  Schloesser  (1903),  and  with 
the  exception  of  normal  sodium  carbonate,  Fehling’s  solution  II, 
ferric  chloride  (1  ml.  =0-012  g.  Fe)  and  0-liV  iodine,  the  volume 
was  inappreciably  different  from  a  similar  delivery  of  water. 
Even  these  exceptions  differed  only  by  the  following  amounts  : 
-0-035%,  -0-198%,  -0-035%  and  +0-025%  respectively. 

Concerning  the  density  changes  of  such  solutions  with  tem¬ 
perature,  these  practically  agree  with  water  up  to  0-1 N  strength, 
and  again  even  at  1-0 N  strength  differ  but  little.  An  exception 
to  this  is  1-0X  sodium  hydroxide,  the  density  change  of  which  is 
about  50%  greater  than  that  of  water  around  20°. 

Note  on  the  temperature  correction  for  wall  fluid  (/,  Table  XXXII). 

Since  the  temperature  effect  is  probably  proportional  to  the  volume  of 
wall  fluid,  this  varying  in  accordance  with  the  factors  described  in  Chapter 
XXXVII,  it  follows  that  the  /  correction  listed  is  valid  only  for  standard 
glassware  within  a  certain  volume  range.  For  20-50  ml.  deliveries,  how¬ 
ever,  it  may  be  taken  as  giving  an  accuracy  to  0  01%  over  ±5  degrees  C. 
Further  adjustment  of  the  correction  to  varying  wall  fluid  may  be  made 
from  the  relation  this  bears  to  the  variable  error.  It  may  be  assumed  m 
short  that  the  factor/ will  vary  as  rr/0  025  where  z  is  the  variable  error  and 
0  025  that  of  the  standard  25  ml.  pipette.  Factors  y,  e  and  v  ™  Aable 
XXXIII  will  also  be  affected  since  they  contain  the  correction/. 


CHAPTER  XLI 1 1 


THE  CONSTANT  CHEMICAL  ERROR 


The  constant  chemical  error  in  titration  may  be  considered  under 
three  headings  : 

(1)  Constant  error  of  impurity  in  the  standardising  substance. 

(2)  Constant  error  in  the  standard  solutions  under  the  given  conditions, 

the  actual  strength  differing  from  the  nominal. 

(3)  Constant  error  resulting  from  deviation  of  the  mean  end-point  from 

the  ideal  end-point. 

(1)  Constant  impurity  in  the  standardising  substance.  The 

standardising  substances  such  as  sodium  oxalate,  sodium  car¬ 
bonate,  potassium  biphthalate,  benzoic  acid,  etc.,  are  now  pre¬ 
pared  commercially  to  a  degree  of  purity  of  about  99-9%,  re¬ 
ferring  to  the  dried  substance. 

For  acidimetric  standardisation  of  standard  acidic  solutions 
sodium  oxalate  (equivalent  weight  66-98)  is  probably  the  best, 
and  has  been  strongly  recommended  by  Sorensen  (1897),  by 
Kolthoff  (1931)  and  others. 

It  has  the  advantage  over  sodium  bicarbonate  (which  is  con¬ 
verted  to  carbonate  on  heating  and  subsequently  weighed  as 
such)  in  that  an  excess  loss  of  carbon  dioxide  with  conversion  to 
hydroxide  on  heating  is  of  no  consequence,  the  substance  being 
accurately  weighed  for  use  before  it  is  decomposed. 


Sodium  oxalate  can  be  prepared  to  an  accuracy  of  at  least 
99-96%  purity  without  much  difficulty. 

It  may  also  be  mentioned  that  the  preparation  of  standard 
hydrochloric  acid  to  a  possible  accuracy  of  99-99%  is  claimed  for 
the  Hulett  and  Bonner  (1909)  constant  boiling  mixture  methods. 

Expression  of  the  constant  error  in  the  standardising  substance. 

This  may  be  expressed  in  a  similar  way  to  the  constant  errors 
oi  the  glassware,  thus  : 


(96) 
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Heie  M  is  the  actual  weight  of  the  perfectly  pure  substance,  ilf0 
is  the  nominal  weight  in  air,  i  and  am  are  the  impurity  and  air  dis¬ 
placement  errors  as  percentages.  In  the  particular  instance  of 
sodium  oxalate  as  prepared  above,  these  two  are  opposite  in  sign 
and  practically  identical  in  amount,  so  that  the  whole  correction 
for  impurity  and  air  displacement  could  be  neglected. 

(2)  Constant  error  in  the  standard  solutions. 

(a)  An  equivalent  weight  of  a  solid  or  some  fraction  thereof  is 
weighed  and  dissolved  in  water  to  the  mark  in  a  volumetric  flask  at  t°  ; 
it  is  required  to  standardise  the  solution  for  20°. 

The  flask  may  be  at  first  supposed  to  have  exactly  the  nominal 
volume  at  F .  After  making  up  the  solution  to  the  mark,  if  the 
flask  and  contents  are  changed  from,  t°  to  20°  the  meniscus  will 
rise  or  fall  above  or  below  the  mark,  the  glass  expansion  itself 
having  no  effect  on  the  alteration  of  strength  produced.  This  is 
referable  only  to  the  density  change. 

If  the  temperature  is  below  20°,  then  on  changing  to  20°  the 
volume  increases  and  the  solution  strength  decreases,  so  that  the 
ultimate  sign  of  the  correction  must  then  be  minus,  and  we  may 
write  ( st  -s20)  as  the  factor,  since  this  from  Table  XXXI  gives  a 
minus  sign. 

In  the  above  we  proceeded  as  if  the  flask  had  no  factor  at  F. 
Assuming  its  factor  at  20°  to  be  F20,  then  its  factor  at  t°  (F t)  is 
given  by  F20  -  g,  where  g  is  the  glass  expansion  factor  in  Table 
XXXII.  If  the  sign  of  this  factor  is  plus  its  effect  on  the  strength 
of  the  solution  must  be  minus,  so  that  the  whole  factor  is 


$20  —  (^t  ~  52o)  (^20  9) 

—  —  s20  +  g  -r  F 20 

=  0, 


(97) 


where  £  is  {st  —s20  +g)  and  is  listed  in  Table  XXXIII. 

(6)  An  exactly  weighed  standardising  solid  is  dissolved  and 
titrated  from  a  burette  at  t°.  It  is  required  to  standardise  the  burette 

solution  for  20°. 

The  solution  is  standardised  firstly  as  follows  : 

If  X  is  the  expected  number  of  ml.  and  (A  +  #)  the  actual,  then 


we  may  write 
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D  will  be  positive  if  a:  is  positive,  but  the  strength  of  the  solution 
must  then  decrease  from  the  nominal,  so  that  D  will  require  a 

minus  sign. 

For  standardisation  we  must  now  combine  the  factor  for  the 
density  change  and  the  factor  of  the  buiette. 

The  density  and  glass  change  will  enter  in  the  same  way  as 
in  the  previous  example,  but  the  effect  of  temperature  on  the  wall 
fluid  must  be  also  considered,  so  that 

Sn  =  l+f-B„-Dt  % 

(where  B20  is  the  burette  percentage  factor) 

—  rj  —  B2q  —  D.  (99) 

t)  is  listed  in  Table  XXXIII  and  is  given  by  (st  -s o0+g  +f)  from 
Table  XXXII.* 

(c)  A  pipette  delivery  of  a  fluid  standardised  for  20°  is  titrated 
from  a  burette  at  t°.  It  is  required  to  standardise  the  burette  fluid 
for  20°. 

Here  the  effect  of  the  density  change  and  of  wall  fluid  will  be 
the  same  for  both  fluids  and  may  be  omitted.  We  can  regard  the 
whole  titration  as  taking  place  at  20°. 

The  required  standardisation  factor  is  here 

S20=P20-B20-D,  (100) 

where  P20  and  B20  are  the  pipette  and  burette  factors,  and 
D  the  value  from  equation  98,  being  the  immediate  titration 
factor. 

It  is  obvious  that  the  pipette  and  burette  factors  must  go  in 
opposite  ways.  If  the  pipetted  fluid  has  already  a  factor  at  20 
(*S'20),  this  is  included  as 

^>w=^>2o  ~  B2o  + S' 20  —  D.  (101) 

The  above  three  are  standardisation  corrections  for  solutions. 

If  the  solutions  are  standardised  for  20°,  then  on  titrating  at 
other  temperatures  no  further  temperature  corrections  need  be 
considered,  since  glass  and  solutions  in  the  different  glassware  will 

*  See  note  at  end  of  previous  chapter. 
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be  equally  affected.  It  may  be  noted,  however,  that  wherever  we 
require  to  titrate  a  measured  volume  against  a  weighed  quantity, 
we  then  need  to  correct  for  altered  temperature. 

{d)  A  solution  in  bottle  has  a  factor  for  20°  (=S20)  ;  its  factor 
at  t°  is  required. 

Heie  as  special  factor  we  require  to  consider  only  the  density 
change.  The  colder  the  solution  the  more  it  increases  in  strength, 
and  since  s20  -  s,  is  positive  for  t  values  below  20,  the  required 
factor  is  obtained  from 


S I  S  +  (<S2o  —  S/) 


=S  +  d. 


(102) 


The  value  of  (s20  -  st)  =  6  is  listed  in  Table  XXXIII. 

(e)  A  burette  or  pipette  at  t°  delivers  a  certain  volume  of  a  standard 
solution  ;  it  is  required  to  find  the  exact  volume  of  the  nominal 
strength  ( N/10 ,  N/20  or  other  such)  delivered. 

The  special  factor  entering  here  will  be  necessarily  made  up  of 
52o  ~  st  anfl  (J  +/  5  we  have  also  the  burette  and  solution  factors 
for  20°  to  consider  in  the  full  equation. 

In  a  similar  way  to  the  foregoing  sections,  if  Vt  is  the  required 
volume  correction,  then 


(103) 


( r]  is  already  listed  in  Table  XXXIII.) 

Some  examples  of  the  use  of  foregoing  constant  chemical  cor¬ 
rections. 

Example  1.  25  ml.  of  a  0-lJV  hydrochloric  acid  are  pipetted  into  a 

flask  and  titrated  with  0-liV  alkali  from  a  burette.  It  is  required  to 
standardise  the  alkali  against  the  acid.  Room  temperature  16°. 

P20  percentage  factor  of  pipette  at  20°  =  +0140, 

B20  percentage  factor  of  burette  at  20°  =  -  0  007, 

S 20  percentage  factor  for  solution  strength  of  acid  at  20°=  +  0-348. 

From  (c)  above  (equation  101)  the  percentage  correction  is  given  by 
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D  is  given  (see  equation  98  above)  by 


25  15-  25  0 
25 


x  100=  +0-600. 


S20  =  +0-140  +  0-167  +  0-348  -  0-600 


We  have  then 

=  +0-055, 

which  is  the  percentage  factor  for  the  alkali  at  20  . 
The  strength  of  the  O-l-AT  alkali  at  20  is  therefore 


—  x  ( 1  +  9^)  =  ^(  1  -00055). 

io  V  ioo  /  iov 


Example  2.  A  10  ml.  pipette  is  used  to  deliver  0-12V  sulphuric  acid 
at  26-0°.  What  is  the  exact  equivalent  of  the  acid  delivered? 

P20  is  +  0-134. 

S20  is  -  0-467. 

From  section  (e)  (equation  103),  Vt  =  P20  +  S20  -v  and  from  Table 
XXXIII  77  is  0-088,  so  that  the  percentage  factor  is 

+  0-134- 0-467  +  0-088=  -0-245. 

10x0-1  x  ^1  -  ^qq5)  milliequivalents  are  therefore  delivered 

=  0-9975. 


Resume  of  constant  corrections  for  glassware  and  standard 
solutions.  The  various  special  factors,  etc.,  are  conveniently 
grouped  in  the  following  table  : 


Table  XXXIV 


Requirement. 

Special  factor  (%). 

Full  factor  (%). 

1.  Actual  volume  of 

a  =  (s  +  a). 

a 

weighed  water. 

Glass  standardisation  to  20°. 

2.  Volumetric  flask  at  t°. 

■< 

£=(«  +  a  +  gr). 

F  20  =  £  +  D,  where 

D='~  10°- 

Vy  is  the  nominal 
volume  ;  W  the 

weight  in  air. 

13.  Pipette  or  burette  at  t°. 

y  =  ( s  +  a  +  g+f *). 

P20  (or  B20)  =  y  +  D. 

Volume  of  glass  filling  or 

(D  as  in  previous.) 

delivery  at  t°  from  stan¬ 
dard  value  at  20°. 

|4.  Volumetric  flask 

s=(-g0- 

F  t~F  20  +  8. 

(standardised  at  20°). 

'■5.  Pipette  (or  burette). 

&> 

1 

I 

II 

Ft  — P  20  +  « • 

*  See  note  at  end  of  previous  chapter.  (Continued  overleaf) 
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Table  XXXIV — Continued 


Requirement. 

Special  factor  (%). 

Full  factor  (%). 

Solution  standardisation 

- - - - 

to  20°. 

,6.  Solid  dissolved  to 

mark  in  flask  at  t°. 

£  (  —  ®2o  +  s*  g ). 

S20  =  l-Fm. 

7.  Burette  solution  v 
solid  at  t°. 

V  =  (  ~  s  i0  +  Sf  +  g 

S  20  =  11-  B20  -  D. 

/ 

+/)• 

T  T7 

D  =  — X  100, 

where  T  is  the  actual 
titration  figure  and 

• 

Tn  the  nominally  ex- 

8.  Burette  solution  v 

pipetted  solution. 

None. 

pected  figure. 

S  20 =  P  20  —  B  20  +  S  20' 
-D  (symbols  as  in 

previous). 

S2o'  =  strength  of  pi- 

Correction  for  molarity  or 

petted  solution. 

equivalents  at  t°  from 
value  at  20°. 

j  9.  Solution  strength  at  t°. 

^  —  ( 5  20  —  st )• 

-7l  =  (s20-st-g-f). 

S,  —  iS’on  +  6 

1  10.  Equivalents  delivered 

1  T  =  -  v  +  P 20  +  S 2n. 

at  t°  by  pipette  or 
burette. 

Reduction  of  number  of  factors.  If  g  and  /  be  considered 
negligibly  small,  all  the  special  factors  above  reduce  to  two, 
a  and  £.  For  a,  /?,  y  we  have  simply  a,  8  and  e  disappearing 
while  £,  rj,  6  become  £,  £  and  -£.  A  study  of  Table  XXXIII  will 
help  to  decide  what  factors  may  be  neglected  in  special  circum¬ 
stances. 


(3)  Constant  error  arising  from  deviation  of  end-point  pH 
from  the  ideal  figure.  In  titrating  strong  acid  with  strong 
base  in  pure  dilute  solutions  from 

[B*]  +  [H*]  =  [OH/]  +  [A/],  (104) 

which  is  a  necessary  relationship  for  electric  neutrality,  we  have 
[H  ]  equal  to  [OH'J  when  [B‘]  is  equal  to  [A'],  or  where  there  is 
present  an  exact  equivalence  in  the  titration,  the  ideal  end-point 
being  therefore  the  theoretically  neutral  point,  which  we  ma}7 
take  here  as  having  a  pH  of  exactly  7-0. 

Where  there  is  a  divergence  from  this  equivalence,  we  have 

[B]-[A1xloo  =  [OH^Jxloa 


[A'J 


[A'] 
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The  expression  on  the  right  may  be  written 


-[HI 

[A'] 


x  100, 


(106) 


when  the  end-point  is  one  or  more  pH  units  from  7-0,  and  gives 


the  percentage  error. 


Here 

[A  ■}=CAx^-t 


CA  being  the  original  acid  concentration  and  V  0  and  I  the  original 
and  end-point  volumes.  It  is  of  some  interest  to  assess  this  error 
for  the  methyl  red  indicator  with  varying  strengths  of  acid  for 
titration.  We  shall  suppose  that  the  acid  is  titrated  with  an 
equal  volume  of  alkali,  so  that  the  error  becomes 


-  io-5-5 

0-5CA 


x  100 


-2  x  IO-3'5 

~c7 


(107) 


where  CA  is  the  original  concentration  of  the  acid. 

The  following  short  table  gives  the  values  of  the  error  for 
different  acidic  concentrations  (the  error  being  independent  of 
actual  amounts). 

Table  XXXV 


%  error  titrating 

%  error  with 

with  alkali  volume 

equal  volume  of 

one- fifth  the 

Acid  concentration. 

alkali. 

acid  volume. 

0  IN 

0  0063 

0  0038 

001 N 

0  063 

0  038 

0001 N 

0-63 

0-38 

00005N 

1-26 

0-76 

00002 N 

315 

1-90 

00001 N 

6-30 

3-80 

When  titrating  0-0002AT  acid  in  the  ‘  unit  ’  therefore  (as  for  the 
blood  ammonia)  we  have  a  constant  error  in  the  alkali  used  of 
19/^.  This  does  not  enter  into  the  ammonia  determination,  since 
it  is  the  difference  between  the  two  titrations  brought  to  the 
same  end-point  that  is  used  to  measure  the  ammonia.  It  does 
enter,  however,  into  the  standardisation  of  the  alkali  with  the  acid, 
I  0  Per  cent-  more  alkali  being  required  for  exact  equivalence. 

When  titrating  with  methyl  red  using  equal  alkaline  volume 
the  constant  error  reaches  0-01%  when  the  original  acid  strength 
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is  0-063*  or  in  the  region  of  */20.  The  variable  chemical  error 
'  hen  the  end-point  mixture  is  in  equilibrium  with  the  atmo¬ 
spheric  carbon  dioxide  is  (from  Chapter  XL)  approximately 


1  X  10-6  X  2V 


x  100 


10-4  x  2 


=  0-003%, 


VxCj  CA 

with  a  range  of  about  0-01%  or  the  same  order  as  the  constant 
error.  This  variable  error  maintains  the  same  relation  to  the 
constant  error  throughout,  but  whereas  the  constant  error  may 
be  always  allowed  for,  the  variable  error  cannot. 

Constant  error  in  the  titration  of  a  weak  acid  or  alkali.  The  71H 
of  exact  equivalence  when  titrating  a  weak  acid  is  not  7-0,  but 
approaches  this  as  the  concentration  for  titration  diminishes. 
For  dilute  solutions  the  theory  of  this  equivalence  and  associated 
errors  may  be  treated  as  follows. 

With  a  weak  acid,  the  equation 


[HA]  +  [A']  =  [B‘]  (108) 

must  hold  at  the  equivalent  point— the  amount  of  strong  base 
added  being  equal  to  the  total  weak  acid,  dissociated  and  undis¬ 
sociated. 

Also  the  total  negative  charges  must  be  equal  to  the  total 
positive,  [A']  +  [OH']  =  [B]  +  [H*].  (109) 

From  these  two  equations,  we  have 

[H>[OH']-[HA] 

=  ^-[HA],  (110) 

where  [H]  is  the  hydrogen  ion  concentration  of  the  ideal  end¬ 
point. 

[HA]  may  now  be  expressed  in  terms  of  [H  ]  and  the  total 
weak  acid  concentration  CA{  =  [A']  +  [HA]}, 

for  [H*]  x  [A']=Ka  x  [HA], 

so  that 

[H'](Ca-[HA])  =  A'0[HA].  (Ill) 

From  equations  111  and  110  we  get 

[H]3  +  [H]2(Aa  +  Ca)  -  Kw[ H  ]  -  KwKa  =  0, 


(112) 
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where  Ka  is  greater  than  10~7  this  reduces  to 


[H  ] 


I  KwKa 
\Ca  +  Ka ’ 
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[H‘]  being  the  hydrogen  ion  of  the  ideal  end-point.  The  pH  value 

is  given  bv  /  r  \ 

pH=0-5log(^l+-^-J+7-0. 


(114) 


Similarly 
than  10-7'0, 


for  the  titration  of  a  weak  alkali,  wrhere 


[OH'] 


Kb  is  greater 


or 


[H‘]  = 


Kw(Cb  +  Kb) 
Kb 


(115) 


the  ideal  pH  is  given  for  the  weak  alkali  by 

pH  =  -0-5log(l+^  +  7-0.  (116) 

4 

Constant  error  resulting  from  deviations  from  the  ideal  end¬ 
point  in  titrating  weak  acid  or  weak  base.  For  acids  or  alkalis 
with  ionization  constant  of  the  order  of  10-7  or  greater,  we  can 
devise  useful  approximate  expressions.  If  we  take  the  total 
buffering  of  a  weak  acid  in  water  it  may  be  written  (according  to 
Chapter  XL)  as 


dB  =  2-3Ca/ia[H] 
dp  H  {[H‘]  +  Aa}2 


+  2-3{[H'.]  +  [OH']}, 


(117) 


whence  considering 


dpH  = 


-4H-] 

2-3[H‘] 


5 


we  obtain 


dB  -  CaKa  f[H-]  +  [OH']] 
d[  H‘]  {[H-]  +  Aa}2  \  [H7]  J* 


(118) 


Since  the  ideal  end-point  for  a  weak  acid  [OH']  will  be  much 
greater  than  [H  ],  the  latter  may  be  neglected  in  the  second  ex¬ 
pression  on  right.  Then  on  integrating,  we  get 


R  -  R  -  C«K<>  CaKa 

'  2  [H-],  +  A'a  [TT],  +  K~a  +  -  [°h']2 

[H2-]-[H] 


UV]-[H1 

(ThTT^)([H-]2  +  TQ]  +  t°H  ]x  -  [OH'],.  (119) 


=  C„K„ 
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In  this  the  value  of  [H  ]t  and  [H']2  may  be  taken  as  negligibly 
small  compared  with  K,  so  that 

Bl  ~  •B2=ro([H']2  ■  -  [OH'],.  (120) 

Heie  Ca  must  be  read  as  the  total  weak  acid  concentration  in  the 
end-point  volume. 

The  base  required  per  unit  volume  to  produce  a  change  in  the 
actual  [H  ]  of  the  end-point  to  the  ideal  value  given  above  may 
then  be  calculated  from  this  equation,  and  expressed  as  a  per¬ 
centage  of  the  total  base  added  or  the  total  acidic  equivalent. 

In  this  treatment  the  carbon  dioxide  of  the  air  has  been  ignored, 
which  can  only  be  done  when  for  weak  concentrations  we  titrate 
in  a  current  of  carbon  dioxide  free  air.  Otherwise  we  should  have 
extreme  errors  in  titrating  a  weak  acid  to  an  alkaline  end-point. 


CHAPTER  XL  IV 


VOLUMETRIC  ERROR  IN  KJELDAHL  NITROGEN 

ANALYSES 

An  analysis  of  the  volumetric  error  in  the  classical  macro - 
Kjeldahl  determination  and  a  comparison  with  that  using  the 
microdiffusion  principle.  This  is  taken  as  providing  a  prac¬ 
tical  example  for  the  foregoing  system  of  error  analysis.  It  will 
be  considered  firstly  in  relation  to  the  error  between  two  succes¬ 
sive  determinations  carried  out  in  duplicate,  using  the  same 
glassware  and  the  same  solutions  and  quantities  of  material. 
This  will  give  a  measure  of  the  discriminating  delicacy  of  the 
procedure.  Secondly,  the  absolute  error  will  be  considered,  in¬ 
volving  the  introduction  or  allowance  for  the  constant  glass  and 
chemical  errors. 

Since  it  will  make  it  somewhat  more  general  to  consider  the 
estimation  carried  out  on  a  fluid  which  is  delivered  from  a  pipette, 
this  procedure  will  be  considered.  The  following  example  then 
may  be  cited. 

3  ml.  urine  pipetted  into  incinerating  flask. 

20  ml.  0-1 AT  HC1  pipetted  into  receiving  flask. 

40  ml.  0  052V  NaOH  required  to  titrate  a  trial  delivery  of  acid. 

10  ml.  0  052V  NaOH  required  to  titrate  back  after  distilling. 

Standardisation  of  alkali.  45  0  ml.  used  in  standardisation  against 
potassium  biphthalate  or  benzoic  acid  (or  alternatively  of  acid  against 
mcmerated  oxalate,  with  subsequent  standardisation  of  alkali  against  acid). 

1.  The  discriminating  range.  By  discriminating  range  is 
meant  here  the  percentage  range  of  error  that  could  occur  between 
two  determinations  carried  out  on  the  same  solution  and  with  the 
same  glass  and  standard  solutions.  In  Chapter  XXXVIII  this 
range  was  considered  for  duplicate  titrations  being  independent 
of  the  constant  errors,  including  the  bore  variation  of  the  burette 

The  discriminating  range  when  dealing  witli  two  duplicates  is  the 
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same  as  that  arising  for  the  variable  error  of  a  single  determina¬ 
tion  from  the  mean  of  a  large  number  (Chapter  XXXVIII).  Here 
theie  enters  practically  no  variable  chemical  error  owing  to  the 
strength  of  the  solutions  used,  so  that  it  may  be  considered 
entirely  as  a  glass  and  glass  manipulation  error.  We  have  then 
the  following  constituent  errors  to  consider  : 


Variable 
error,  coeff. 
of  variation. 

Variable  error  as  millimols  ( NaOH ). 

3  ml.  pipetted 

0  072 

30  x  0-05  x  7-2  x  10—*=  10-8  x  10-3 

20  ml.  acid  delivered 

0-028 

40  x  0-05  x  2-8  x  10-4  =  5-6  x  ~104 

10  ml.  back  titration 

0-152 

10  x  0-05  x  15-2  x  10_4=  7-6x~104 

Summation  of  the  above  variable  errors  gives  as  millimols 

a2  =  10-8(10-82  +  5-62  +  7-62) 

=  10-8(205) 

and  a  =  14-3  x  10-4. 


The  total  millimols  of  N  (as  NH3)  are  (40  - 10)  x  0-05=:  1-5. 
The  variable  error  of  the  determination  as  a  coefficient  of  varia¬ 
tion  is  therefore 


14-3  x  10-4 
1-5 


x  100  =  0-095%. 


The  standard  deviation  from  the  mean  of  a  large  number  of 
similar  determinations  is  hence  0-095%  with  a  range  of  ±0-28% 
If  a  5  ml.  standard  pipette  were  used  instead  of  the  3  ml.  it  would 
be  ±0-24.  This  range  is  also  the  discriminating  range  if  duplicates 
are  carried  out  with  each  solution. 

Absolute  range  of  error.  In  the  discriminating  error  range, 
the  variable  error  of  titration  of  a  delivery  of  unchanged  acid  by 
the  alkali  did  not  enter,  since  the  same  titration  would  suffice  for 
the  two  analyses  to  be  discriminated. 

Concerning  the  absolute  error  of  the  single  analysis,  however, 
we  require  to  know  the  exact  value  in  equivalents  of  the  acid  de¬ 
livered  and  its  corresponding  alkali  value,  and  in  determining 
this,  further  variable  errors  are  necessarily  introduced. 

We  could  suppose  the  acid  standardised  by  titration  of  a 
weighed  solid  and  the  alkali  in  turn  by  titration  of  the  preliminary 
acid  delivery.  It  will  mean  then  the  summation  of  the  variable 
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error  of  standardising  a  weighed  solid,  and  the  variable  error  of 
titrating  a  pipetted  volume,  a  sum  slightly  (but  scarcely  signi¬ 
ficantly)  larger  than  where  the  alkali  is  also  standardised  against 

a  solid. 


We  have  then 


Variable 

error  (from 

Variable  error 

* 

considerations 

in  Chapter 

in  millimols 

XXXVII). 

(NaOH). 

Preliminary  titration  of  20  ml.  of 
0-liV  acid,  using  40  ml.  alkali  - 

0  052 

10-4  x  10-“ 

This  added  to  the  previous  variable  discriminating  error  of 


14-3  x  10“4,  gives 

a  =  l(WlO-42  +  14-32 
=  17-7  x  10-4. 


This  gives 


a  coefficient  of  variation  of 


17-7  x  10-4 
(40  -  10)  x  0*05 


=  0-118%. 


To  this  now  adds  the  coefficient  of  variation  due  to  the  acid 
standardisation,  and  we  may  assume  this  is  carried  out  with  a 
40  ml.  delivery  from  a  50  ml.  burette  in  the  usual  way,  and  giving 
a  coefficient  of  variation  of  0-044,  so  that  the  total  becomes 


Ve  =  v/0-1182  +  0  0  442 
=  0-126, 

giving  a  range  of  0-38%. 

(The  variable  error  of  acid  standardisation  adds  in  this  way, 
because  it  will  affect  each  member  of  the  previous  error — ex¬ 
pressed  as  millimols — in  a  proportionate  manner,  but  will  at  the 
same  time  be  uncorrelated  with  or  independent  of  the  total 
previous  error,  i.e.  of  the  0-118%.) 

Bore  tolerance  of  burette.  In  the  above  it  has  been  taken 
that  the  bore  variation  of  the  burette  came  under  the  heading  of 
constant  error,  but  the  bore  variation  may  be  inconvenient  to 
determine,  though  given  in  the  certificate  of  standardisation  sup¬ 
plied  with  the  best  class  burettes.  If  we  go  instead  bv  the  full 

M 

C.M.  A, 
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‘  tolerance  ’  of  the  burette,  this  can  be  included  in  a  consideration 
of  the  limits  of  the  variable  error.  In  the  above  example  the 
difference  between  the  40  ml.  of  the  preliminary  titration  and  the 
10  ml.  of  the  back  titration  may  be  up  to  this  full  tolerance  limit 
or  40-60  c.mm.  with  different  kinds  of  first-class  burette  ;  40 
c.mm.  tolerance  will  be  taken  here,  since  such  burettes  may  be 
readily  procured. 

At  the  same  time  an  allowance  for  bore  or  (as  here)  full  toler¬ 
ance  comes  into  the  standardisation,  but  will  act  in  the  opposite 
direction.  If  we  take  it  that  the  40  ml.  on  the  burette  is  really 
40  +  0-040  and  the  10  ml.  exact,  then  the  alkali  standardisation 
correction  is 

-  0-040 

— — —  xl00=  -0-100%, 


whereas  the  correction  for  the  ammonia  absorbed  would  amount 
to 


+  0-040 
(40-04-10) 


x  100=  +0-133%. 


Here  there  is  a  total  effect  of  +  0-033%.  If,  however,  the  40  ml. 
is  exactly  correct  and  the  10  ml.  is  10  +  0-040,  there  is  no  standard¬ 
isation  correction,  but  the  correction  for  ammonia  absorbed  is 


-0-040 

(40-10-04) 


x  100  = 


0-133% 


The  maximum  error  here  is  therefore  expressed  by 


Tolerance  ^ 
acid  neutralised 


the  tolerance  and  acid  neutralised  being  expressed  as  burette 
volumes  of  alkali.  Adding  this  tolerance  error  of  0-13  to  0-38, 
we  get  0-51%  as  the  total  range. 

In  the  above  example  it  was  supposed  that  10  ml.  or  25%  of 
the  acid-equivalent  were  used  in  back  titration.  In  the  same 
way  we  may  consider  the  total  variable  error  for  different  per¬ 
centage  back  titrations,  and  these  are  illustrated  in  Fig.  64. 

It  will  be  seen  that  a  very  marked  effect  on  the  error  is  pro¬ 
duced  as  the  back  titration  increases,  and  it  is  always  advisable  to 
keep  this  below  the  25%  level  wherever  possible. 


ange  of  error  (%) 
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Fig.  64.  Curves  of  volumetric  error  in  the  classical  Kjeldahl  deter¬ 
mination. 

The  dotted  lines  are  for  pipetted  fluid  (3  ml.)  and  the  smooth  curves 
tor  weighed  solid. 

The  upper  two  curves  A  give  the  total  error  range,  including  standard¬ 
isation  errors  and  bore  tolerance  of  the  50  ml.  burette.  The  lower 
two  curves  B  give  the  full  error  range  of  the  discrimination  error  as 


Fig.  64  shows  also  (thick  line)  the  error  involved  where  a 

weighed  solid  is  used  for  nitrogen  analysis  instead  of  a  pipetted 
volume  of  3  ml. 

The  curves  give  the  full  range  of  error,  the  upper  curves  includ- 
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ing  that  for  standardisation  and  bore  tolerance  (dotted  lines) 
errors,  the  lower  curves  giving  the  discrimination  error. 

brom  the  above  treatment  the  impurity  error  in  the  standard¬ 
ising  substance  has  been  omitted.  In  the  case  of  sodium  oxalate 
as  prepared  above,  and  responding  to  the  tests  given,  the  maxi¬ 
mum  error  is  0-04%,  which  may  be  treated  as  the  limit  of  a 
variable  error  and  added  to  the  above  range. 

The  constant  error  allowances.  The  method  to  be  described 
reduces  all  the  constant  errors  or  allowances  to  a  simple  and  easily 
workable  form. 

If  X  be  the  ml.  of  alkali  solution  from  the  burette  correspond¬ 
ing  to  the  ammonia  analysed,  then 

X  x  0*05  x  14  =  mg.  ammonia  N  absorbed 


and 


(using  0-05JV  alkali) 
0-7X 


where  Y  is  the  mg.  N/ ml.  of  fluid  analysed,  of  which  V  ml.  were 
pipetted  for  analysis.  To  allow  for  the  constant  errors  we  multiply 
above  and  below  by  the  factors  required  to  convert  pipetted  and 
buretted  fluid  from  nominal  to  real  equivalents  at  t°  (Table 
XXXIV),  so  that,  in  full 


0-7X 


( ^20+^20  yy  (]  ,^20  +  ^20  v\ 

V  100  /V  100  / 


where  B20,  P20,  S20  and  S'20  are  the  %  factors  for  the  burette, 
pipette,  alkali,  and  solution  for  analysis,  at  20°,  rj  being  the  special 
temperature  factor  as  in  Table  XXXIV. 

From  the  above  equation  (using  the  principle  for  small  errors 
in  Chapter  XXIX),  we  have 


0-7X  /  B 20  P 20  ^  2o\  _  Y 

V1  +  Too  1  “ 


The  required  final  factor  S' 20  is  therefore  given  by 

20=Pi0  ~P  20  "t"  S  20’ 

This  may  be  expressed  in  a  final  form  by  expanding  the  standard- 
isina  factor  for  the  alkali  S2„.  This  depends  on  whether  it  has 
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been  standardised  against  solid  or  using  the  preliminary  acid 

titration.  - 

From  Table  XXXIV,  and  inserting  the  expansion  oi  ^20  tor 

each  case,  we  get 

S't>0  —  -  D  -  P2 o  +  V  (solid  standardisation) 

or  S'm=-D  +  - S£  +  P£--P2o.  (standardisation  from 

preliminary  acid  titra¬ 
tion). 

In  the  second  equation  S%  and  P%  are  the  %  constant  errors  of 
the  acid  strength  and  the  25  ml.  pipette  for  delivering  the  acid. 

If  we  neglected  a  standardisation  of  the  two  pipettes  and  assumed 
that  they  could  vary  in  plus  or  minus  value  up  to  the  maximum  of 
their  tolerance,  then  the  two  will  add  as  0-1%  for  the  25  ml.  and 
0-3%  for  the  3  ml.  standard  pipettes  or  a  total  of  0-4%.  By  the 
omission  therefore  of  this  easy  standardisation  from  the  five  de¬ 
livery  mean,  we  double  our  variable  error  range,  the  0-4%  being 
added  on  to  the  limits  of  the  variable  error  considered  above. 

Constant  error  allowances  using  weighed  solid  for  analysis. 
The  form  of  the  allowance  may  be  obtained  as  above.  Here  the 
value  of  the  burette  reading  corresponding  to  the  neutralised 
ammonia  is  multiplied  by  the  factor  for  converting  such  burette 
deliveries  from  nominal  to  actual  equivalent  value.  This  factor 
is  given  in  Table  XXXIV  as 

(  -  rj  +  B20  +  S20). 

We  may  write  therefore 

F  (solid)  =  -r]  +  B20+S20. 

On  expanding  S20  the  alkali  factor  according  as  it  has  been 
standardised  against  solid  or  by  the  preliminary  titration  (from 
Table  XXXIV),  we  get 

F(solid)  =  —D  (alkali  standardised  by 

solid) 

or  =  -  D  +  +  P“ o  -  rj  (alkali  standardised  by  the 

preliminary  acid  titra¬ 
tion). 

In  Table  XXXVI  the  constant  error  allowances  and  the  vari¬ 
able  error  ranges  for  given  conditions  are  summarised. 

M2 


C.M.  A. 
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Table  XXXVI 


Analysed, 

substance. 

Conditions 
of  standar¬ 
disation. 

Discrimi¬ 
nating 
range  as 
back 
titration 
approaches 
zero.  ( Full 
duplicates 
for  each 
sample.) 
(%) 

A bsolute 
error  range 
of  deter¬ 
mination 
allowing 
for  standar¬ 
disation 
and  burette 
tolerance. 
(%) 

Factor  for  constant 
error  (%). 

Weighed 

solid. 

Alkali  stan¬ 
dardised  by 
solid. 

014 

0-35 

-D 

Weighed 

solid. 

Alkali  stan¬ 
dardised  by 
preliminary 
titration. 

014 

0-36 

-D+s^+PM-n 

Pipetted 
fluid 
(3  ml.). 

Alkali  stan¬ 
dardised  by 
solid. 

0-26 

0-42 

-  D  -  Poo  +  r) 

Pipetted 
fluid 
(3  ml.). 

Alkali  stan¬ 
dardised  by 
preliminary 
titration. 

0-27 

0-43 

-d+s™+p»c-p20 

In  the  table  it  is  considered  that  20  ml.  of  acid  are  pipetted 
into  the  receiving  flask  by  a  20  ml.  pipette  and  that  the  alkali 
used  to  titrate  is  half  the  acid  strength.  It  is  also  taken  that  the 
burette  is  read  to  0-2  of  a  final  division. 

Reading  of  this  accuracy  is  very  unusual,  but  if  read  to  0-5 
of  a  small  division  (and  there  is  no  point  in  further  inaccuracy), 
this  will  cause  a  change  in  the  figure  0-26  above  to  0-29%  and 
the  0-42%  to  0-45%.  The  symbols  in  the  final  column  are  de¬ 
scribed  throughout  the  account  in  the  text. 

P 20  pipette  factor  for  analysed  fluid  at  20°, 

P%  „  „  „  acid  „  20°, 

acid  factor  for  20°, 

r  titration  fig. -40^,  nn  where  40  ml  is  the 

nominal  expected 
value  before  stan¬ 
dardising. 

rj  is  a  temperature  correction  given  in  Table  XXXIII. 
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Analysis  of  the  volumetric  error  of  a  micro  Kjeldahl  procedure 
using  the  microdiffusion  technique.  Here  we  may  consider 
the  pipetting  of  0-2  ml.  fluid,  such  as  urine,  and  its  incineration, 
using  1  ml.  of  concentrated  sulphuric  acid,  making  up  the  in¬ 
cinerated  mixture  to  mark  with  water  in  a  50  ml.  volumetric  flask 
and  the  removal  of  0-5  ml.  of  this  for  analysis.  1  ml.  N/ 200  acid 
for  the  absorption  and  iV/140  alkali  from  the  horizontal  burette  (or 
the  solutions  of  Range  I,  Table  V)  are  assumed. 

In  a  consideration  of  the  error  involved  only  a  procedure  will 
be  considered  which  is  convenient  and  easily  attained,  and  which 
at  the  same  time  may  be  expected  to  give  the  high  accuracies 
stated.  We  shall  suppose  3  simple  tube  pipettes  constructed  to 
deliver  0-2,  0-5  and  1-0  ml.  respectively,  and  with  fine  tips  as 
commented  upon  in  Chapters  V  and  XXXVII.  The  length  of  each 
pipette  is  considered  to  be  20  cm.  up  to  the  mark  and  to  take  20 
seconds  to  deliver.  As  already  shown  (Chapter  XXXVII),  the  co¬ 
efficients  of  variation  are  then  0-065,  0-041  and  0-029  respectively. 

With  regard  to  the  burette,  on  titrating  we  shall  assume  that  an 
end-point  emergence  of  one  small  division  on  the  burette  can  be 
made  easily  (though  much  less  can  in  fact  be  controlled)  and 
transferred  by  a  fine  pyrex  rod  or  by  direct  contact,  and  that  the 
burette  reading  is  taken  to  half  of  one  small  division.  This  gives 
a  manipulation  error  of  0-3  c.mm.  (standard  deviation). 

In  delivering  from  the  burette  it  is  supposed  that  the  meniscus 
travels  at  1  cm.  per  second,  giving  a  delivery  error  of  0-065%. 
We  may  consider  then  the  following  : 

Variable  error  of  pipetting  0-2  ml.  fluid  =  0  065  x  50y2V  x  10~2. 

Variable  error  of  taking  0-5  ml.  of  the  50  ml. 

mixture  =  0  041  x  50 yN  x  10-2. 

Variable  error  of  pipetting  10  ml.  acid  =0-029  x  70yIV  x  10~2. 

Variable  error  of  titrating  back  0-2  ml.  =  0  163  x  20yX  x  10-2. 

(including  delivery  and  manipulation  errors) 

whence  a  =  10~2>/3-252  +  2-052  +  2-032  +  3-262  y  am.  N. 

=  5-4  x  10~2. 

Amount  analysed  is  50y  am.  N,  therefore  the  coefficient  of  vari¬ 
ation  is  0-108%. 

Hence  the  total 


range  is  0-324  and  is  the  discriminating  range 
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using  a  duplicate  determination,  being  therefore  practically  the 
same  as  in  the  full  macro  Kjeldahl. 

If  a  duplicate  analysis  with  each  sample  is  carried  out  on  the 
diluted  fluid  after  incineration  (and  the  '  unit  5  procedure  is  par¬ 
ticularly  suitable  for  this),  we  would  get 

a  =  10-2V  3-252  +  0-5  x  2-052  +  0-5  x  2-032  +  0-5  x  3-262y 
=  4-5  x  10-2y. 

This  gives  with  50y  ammonia  N  analysed  a  coefficient  of  varia¬ 
tion  of  0-090  and  a  range  of  0-270  for  the  full  duplicate  of  such  a 
procedure. 

This  error  range  (using  double  ‘  unit  ’  determinations  of  the 
diluted  incinerated  fluid)  is  therefore  on  the  purely  volumetric 
side,  as  accurate  as  the  full  macro  Kjeldahl  procedure,  since 
from  Fig.  53  it  will  be  seen  that  for  the  analysis  of  3-0  ml. 
pipetted  fluid  by  the  classical  Kjeldahl  procedure  a  discriminat¬ 
ing  error  of  0-27%  is  obtained  with  a  20%  back  titration. 

If  we  analyse,  instead  of  pipetted  fluid,  a  weighed  sample  by  a 
micro  balance  so  that  the  variable  error  of  introducing  sample  is 
practically  eliminated,  we  get  for  a  back  titration  of  20%  : 

vt  =  v/0-0902  -  0-0652 
=  0-062, 

or  a  range  of  ±0-19  which  is  closely  similar  to  that  with  the 
macro  Kjeldahl  procedure,  which  gives  ±0-17. 

This  comparison  refers  only  to  the  volumetric  procedure,  but  it 
is  practically  certain  that  the  simple  passive  diffusion  absorptions 
in  the  ‘  unit  ’  will  introduce  less  further  error  (in  fact  practically 
negligible )  than  the  large  scale  high  temperature  distillations  of  the 
classical  Kjeldahl  procedure. 

Absolute  error  range.  This  will  include  the  variable  error  of 
standardisation  as  before,  and  the  bore  tolerance  of  the  burette 
if  this  is  considered  inconvenient  to  determine,  though  here  it  is 
much  easier  than  with  larger  burettes  and  can  be  done  by  measur¬ 
ing  a  length  of  mercury  at  various  positions.  At  the  same  time  it 
may  be  noted  that  the  use  of  high  quality  thermometer  tubing 
practically  eliminates  the  need  of  this  allowance  or  investigation, 
and  gives  therefore  one  further  advantage.  The  standardisation 
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correction  follows  the  previous  account.  There  is  a  small  further 
variable  error  included  since  the  standardised  acid  of  strength 
about  0-liV  will  need  to  be  diluted  to  A7/200,  but  when  this  is  done 
using  a  10  ml.  standard  pipette,  the  extra  error  has  no  appreciable 
effect  on  the  whole. 

The  constant  error  allowances  may  be  also  used  as  in  Table 
XXXIV.  The  effect  of  the  dilution  on  the  Sf0  factor  of  the 

^  acid  may  be  obtained  from  S'^=Sf0  -  F20  +  P20,  where  F2 0,  P 20 

are  the  factors  for  pipette  and  flask  and  SfQ  of  the  comparatively 
strong  solution. 


APPENDIX 


CHAPTER  XL  V 

UREA  EXCRETION  AS  RENAL  FUNCTION  TEST 

The  excretion  of  urea  as  the  most  important  nitrogenous  end 
product  in  man  has  been  much  used  as  a  test  of  renal  function. 
It  acts  as  a  very  useful  measure  of  that  part  of  the  total  renal 
functioning  which  is  concerned  with  the  excretion  of  nitrogenous 
waste  products.  Obviously  it  does  not  in  itself  give  any  index  of 
the  water  or  electrolyte  regulation. 

The  urea  excretion  by  the  kidney  may  be  easily  shown  to  be  in¬ 
fluenced  by  the  blood  urea  concentration,  and  the  urine  rate  at 
constant  body  weight.  Clearly  therefore  we  must  consider  any 
renal  output  of  urea  with  regard  to  the  blood  urea  concentration 
and  the  urine  volume. 

What  we  are  seeking  here  is  a  comparison  of  the  given  urea  excre¬ 
tion  with  the  average  normal  figure.  This  we  can  do  in  two  ways, 
apparently  different,  but  which  are  in  fact  identical.  We  could 
calculate  what  the  excretion  of  the  given  subject  would  be  at 
standard  blood  urea  concentration  and  standard  urine  volume, 
allowing  for  the  effect  of  the  difference  from  the  standard  in  these 
variables  ;  and  then  compare  such  a  calculated  excretion  with 
the  average  normal  figure  at  such  standard  values. 

On  the  other  hand  we  could  compare  directly  with  the  average 
normal  excretion  at  the  observed  blood  concentration  and  urine 
rate.  The  mean  normal  excretion  so  obtained  may  be  written 
VCJ,  where  V  is  the  subject’s  urine  volume  in  unit  time  and 
Cu'  the  average  normal  urine  concentration  at  this  volume  and 
given  blood  concentration.  The  subject’s  actual  excretion  may  be 
written  VGU.  In  comparing  these  we  may  obviously  neglect  I , 
which  is  the  same  in  both,  so  that  our  requirement  is  the  figure  for 
the  average  normal  urine  concentration  under  the  given  conditions 
of  blood  concentration  and  urine  rate.  Such  a  figure  could  be 
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obtained  most  readily  from  tables  compiled  from  a  study  of  the  avail¬ 
able  figures  for  excretion  in  the  normal  human  subject. 

Table  XXXVII.  Average  normal  urea  concentration  ratios 


for  a  body  weight  of  70  kilos  (urine /blood) 


Volume 

°f 

urine 
ml.  per 
hour. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Volume 

of 

urine 
ml.  per 
hour. 

20 

96-2 

93-6 

91-2 

88-9 

86-8 

85-0 

83-3 

81-8 

80-3 

78-9 

20 

30 

77-6 

76-3 

751 

73-9 

72-7 

71-6 

70-6 

69-5 

68-5 

67-5 

30 

40 

66-5 

65-6 

64-8 

640 

631 

62-3 

61-6 

60-9 

60-2 

59-4 

40 

50 

58-8 

58-1 

57-4 

56-8 

56-2 

55-7 

551 

54-5 

53-9 

53  3 

50 

60 

52-8 

52-3 

51-8 

51-3 

50-8 

50-4 

50-0 

49-6 

491 

48-7 

60 

70 

48-3 

47-9 

47-5 

471 

46-7 

46-3 

460 

45-6 

45-2 

44-8 

70 

80 

44-4 

441 

43-8 

43-5 

43-2 

42-9 

42-6 

42-3 

420 

41-7 

80 

90 

41-4 

411 

40-8 

40-6 

40-3 

400 

39-8 

39-5 

39-3 

390 

90 

100 

38-8 

38-5 

38-2 

380 

37-8 

37-6 

37-3 

371 

36-9 

36-7 

100 

110 

36-5 

36-3 

361 

35-9 

35-7 

35-5 

35-3 

351 

350 

34-8 

110 

120 

34-6 

34-4 

34-2 

340 

33-8 

33-6 

33-4 

33-3 

331 

32-9 

120 

130 

32-7 

32-5 

32-3 

32-2 

320 

31-8 

31-6 

31-5 

313 

31-2 

130 

140 

311 

30-9 

30-7 

30-6 

30-4 

30-3 

30-2 

300 

29-8 

29-7 

140 

150 

29-6 

29-5 

29-3 

29-2 

29- 1 

28-9 

28-8 

28-7 

28-6 

28-4 

150 

160 

28-4 

28-3 

28-2 

28-0 

27-9 

27-8 

27-6 

27-5 

27-4 

27-3 

160 

170 

271 

270 

26-8 

26*7 

26-6 

26-5 

26-4 

26-3 

261 

260 

170 

180 

25-9 

25-8 

25-7 

25-6 

25-5 

25-4 

25-3 

25-2 

251 

250 

180 

190 

250 

24-9 

24-8 

24-7 

24-5 

24-4 

24-3 

24-2 

241 

240 

190 

00 

10 

20 

30 

40 

50 

60 

70 

80 

90 

200 

23  9 

230 

22-2 

21-4 

20-7 

200 

19-3 

18-7 

181 

17-6 

200 

300 

171 

16-6 

161 

15-6 

15-2 

14-8 

14-4 

140 

13-7 

13-3 

300 

400 

130 

12-6 

12-3 

12-0 

11-7 

11-4 

111 

10-8 

10-6 

10-4 

400 

500 

10-2 

9-98 

9-76 

9-54 

9-32 

910 

8-90 

8-72 

8-53 

8-35 

500 

600 

819 

8-04 

7-90 

7-75 

7-60 

7-45 

7-30 

715 

7-00 

6-85 

600 

700 

6-72 

6-60 

6-49 

6-38 

6-26 

614 

603 

5-92 

5-81 

5-71 

700 

Such  tables  though  convenient  would  be  lengthy.  However,  a 
much  shorter  table,  and  nearly  as  convenient  (Table  XXXVII), 
may  be  used,  giving  the  average  number  of  times  the  blood  urea 
is  concentrated  in  the  urine  of  the  normal  subject.  This  multiplied 
by  the  blood  concentration  gives  the  required  urea  concentration 
in  the  urine,  and  dividing  this  figure  into  the  actual  concentration 
for  the  subject  and  multiplying  by  100  gives  the  urea  excretory 
function  expressed  as  a  mean  ‘normality  ratio’.  The  use  of 
Table  XXXVII  in  this  way  depends  on  the  fact— upon  which 
all  are  agreed  that  over  the  clinical  range  the  urea  excretion  at 
constant  urine  rate  is  proportional  to  the  blood  concentration. 
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The  normality  ratio  ’  as  a  direct  and  permanent  conception 
has  as  a  theoretical  counterpart  here  the  urea  ‘  pressure  ’,  or  the 
diffusion  pressure  of  the  urea  in  the  tubule  lumen  which  with  a 
urine  rate  slowed  to  zero  would  be  in  equilibrium  with  the 
urea  in  the  cells  and  prevent  any  further  emergence  of  urea 
therefrom.  An  equation  based  on  such  a  conception  in  fact 
expresses  the  actual  data  much  better  than  other  equations 
hitherto  proposed  {vide  Table  XXXVIII)  and  apart  from  the 
validity  of  the  views  on  which  it  is  based  (which  are  contrary 
to  current  ideas)  would  remain  as  an  equational  summary  of 
the  data. 

The  urea  normality  ratio  for  a  given  subject  may  be  formally 
defined  then  as  his  urea  excretion  {or  urine  concentration)  expressed 
as  a  percentage  of  the  average  normal  value  at  the  same  blood  urea 
and  urine  rate. 

Equations  or  formulae  need  have  no  connection  with  the 
determination  of  such  a  figure,  which  we  could  suppose  obtained 
with  the  aid  of  normal  excretion  tables.  It  will  be  shown  sub¬ 
sequently  that  for  the  purpose  of  determining  renal  function  all 
the  equation  does,  even  when  ideally  exact,  is  to  provide  us  with 
a  means  whereby  the  average  normal  figure  may  be  obtained 
without  tables,  or  alternatively  to  assist  in  their  construction. 


Table  XXXVIII 


Range 
of  V 
ml. /hr. 

Mean 

V 

ml.\hr. 

N  (No. 
of  sets) . 

0-20 

15-9 

8 

20-40 

31-2 

67 

40-60 

48-5 

102 

60-80 

68-1 

77 

80-100 

*  87-5 

40 

100-120 

108 

19 

120-160 

139 

36 

160-200 

180 

15 

200-300 

235 

22 

300-400 

375 

16 

400-500 

448 

34 

500-600 

551 

30 

600-700 

640 

26 

>  700 

753 

15 

General 

Clearance 

pressure 

formulae 

formula 

(mean 

VCU 

(mean 

values). 

Cb  ' 

values). 

II.  I. 

13-6 

78-8 

81-5 

23-6 

99-4 

101-1 

29-4 

1011 

100-9 

33-7 

100-7 

97-6 

36-7 

99-1 

93-8 

39-9 

99-8 

91-6 

45-9 

105-0 

101-8 

46-7 

100-2 

103-4 

47-5 

96-1 

105-1 

517 

99-3 

113-5 

49-8 

96-1 

110-4 

50-5 

100-7 

112-0 

46-5 

95-5 

103-1 

48-5 

105-6 

107-1 
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Sources  of  the  data  : 

Walker  and  Rowe  (1927)  - 

Addis  and  Watanabe  (1916) 

McLean  (1915) 

Austin  et  al.  (1921) 

Conway  and  Dillon  (1933)  -  -  - 

Addis  and  Drury  (1923) 

Conway  and  O’Donovan  (unpublished  data) 
Pol  land  (1928)  . 


General  diffusion  pressure  formula 


^V(Cu-Cb) 

U\Cbe~av 


=  100  (mean) 


‘  clearance  ’  equations, 


Sets. 

52 

106 

107 

32 

77 

72 

22 

39 


507 


4-18C, 


=  100  (mean)  ; 


VOu 

45-1  Cb 


=  100  (mean). 


Subjects. 

15 

33 

34 

9 

77 

4 

2 

1 
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The  full  statistical  decision  between  the  ‘  clearance  ’  formulae,  the 
modification  by  Dominguez  (1935),  and  the  ‘  pressure  ’  formula  will  be 
considered  elsewhere. 


The  comparison  of  the  general  *  pressure  ’  equation  and  the 
so-called  ‘  clearance  ’  equations  in  predicting  the  output  of  urea 
with  change  of  urine  volume  at  constant  blood  concentration  is 
given  in  Table  XXXVIII  and  Fig.  65.  The  use  of  the  equations 
alone — without  tables — will  be  considered  in  a  subsequent  section, 
though  it  may  be  noted  again  that  tables  are  ideally  the  most 
exact,  when  constructed  from  the  actual  data  of  the  normal 
excretion,  and  involve  no  theoretical  interpretation  in  the  ordinary 
sense. 


The  determination  of  the  urea  normality  ratio. 

The  collection  of  the  blood  and  urine  samples.  The  test  may  be 
carried  out  at  any  time  of  the  day  and  without  intake  of  urea  or 
other  substance,  though  a  glass  of  w^ater  prior  to  the  test  is 
advisable,  but  not  essential ;  also  since  meals  have  the  effect  of 
raising  the  excretory  power  of  the  kidney  within  the  first  few 
hours  after  a  meal,  it  would  seem  advisable  to  carry  out  these 
tests  in  the  hour  preceding  a  meal. 

The  bladder  is  firstly  emptied,  the  exact  time  being  noted  and 
the  urine  discarded.  After  half  an  hour  a  sample  of  blood  is  taken 
from  the  finger  in  the  manner  described  for  the  blood  urea  deter¬ 
mination,  and  after  one  hour  the  bladder  is  emptied  again  and 
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the  volume  in  ml.  or  c.c.  measured  in  a  graduated  cylinder.  The 

weight  of  the  subject  is  also  noted. 

In  the  dilution  of  the  urine  for  analysis  a  procedure  may  be 
adopted  which  is  very  convenient  both  for  this  purpose  and  the 
subsequent  calculation  of  renal  function.  The  volume  of  urine 
per  hour  (corrected  if  necessary  for  change  of  body  weight  from 
a  standard  70  kilos,  according  to  the  very  simple  formula  below, 
though  from  60-80  kilos  body  weight  very  little  is  gained  by  such 
corrections)  is  noted  and  the  average  normal  concentiation  ratio 
read  off  from  Table  XXXVII,  the  urine  being  diluted  this  number 
of  times.  Thus  if  the  average  normal  concentration  ratio  is  found 
to  be  76-3  (urine  volume  of  31  inl./hr.),  1  ml.  urine  is  pipetted  into 
a  200  ml.  Erlenmeyer  flask  and  75-3  ml.  water  added  from  a 
burette.  The  water  and  urine  are  well  and  carefully  mixed.  This 
urine  should  then  have  exactly  the  same  concentration  as  the 
blood  if  the  subject’s  excretion  corresponded  to  the  average 
normal  value.  The  figure  for  the  urea  excretory  function  or  the 
normality  ratio  is  given  at  once  on  dividing  the  concentration  of  the 
blood  urea  into  that  of  this  diluted  urine  and  multiplying  by  100,  the 
procedure  being  always  the  same,  excepting  the  different  figures 
for  the  necessary  dilution  required.  This  calculation  involves  as  a 
rule  only  one  division  (pipette  and  alkali  factors  cancel  out)  and  is 
in  principle  the  most  accurate  form  in  which  the  urea  excretory 
test  can  be  applied. 

If  tables  are  not  available,  the  calculation  from  equations  is 
given  below. 

Correction  of  the  urine  volume  for  body  weight,  or  surface. 

This  correction  should  be  made  on  a  surface  relation  since  the 
urine  volume  goes  proportionally  thereto.  The  following  simple 
formula  gives  a  suitable  correction  factor. 

W  +  30  _ 

100  ~F’  (la) 

The  value  of  F,  which  can  be  instantly  written  down,  is  divided 
into  the  urine  volume  obtained.  The  result  gives  a  W$  correction 
to  a  standard  body  weight  of  70  kilos  over  the  range  of  40  to  90 
kilos,  to  within  2%  of  the  exactly  calculated  value  at  the  extremes 
of  this  range  (amounting  usually  to  less  than  one  per  cent,  in  the 
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final  ratio  or  deviation).  A  more  exact  correction  for  surface 
is  unnecessary  with  the  adult  subject  since  the  correlation 
between  the  mean  urine  volume  and  body  weight  is  very  low. 
In  fact  there  is  no  appreciable  increase  in  accuracy  introduced 
by  such  corrections  when  the  body  weight  is  between  60-80 
kilos. 

A  corresponding  formula  for  the  range  of  12  to  35  kilos  may  be 
given  as 


If +  10 
70 


=  F. 


(2a) 


This  has  the  same  accuracy  as  the  first,  showing  at  the  extremes 
the  same  divergence  from  an  exact  If  ^  correction. 


Examples  of  the  determination  of  urea  normality  ratios  (R„). 

Subject  1.  Body  weight  -  -  -  70  kilos. 

Urine  volume  ...  180  ml. /hour. 

Blood  collected  midway. 

From  Table  XXXVII  at  180  ml. /hr.  the  average  normal  concentration 
ratio  is  25-9,  so  that  to  1  ml.  urine  24-9  ml.  water  were  added. 

Diluted  urine  concentration  -  -  32-3  mg./lOO  ml. 

Blood  concentration  ...  28-5  mg./lOO  ml. 

32-3 

Normality  ratio  (^n)~2s~5  * 

The  tables  are  made  out  for  a  body  weight  of  70  kilos,  so  that  no  cor- 
rection  for  weight  occurs  here. 

If  the  urine  were  not  diluted  as  above,  and  the  concentration  returned 
finally  as  0-837%,  the  normality  ratio  is  obtained  by  multiplying  the 
blood  concentration  by  25-9  from  Table  XXXVII  (corresponding  to 
180  ml. /hr.)  and  dividing  into  0-837  x  100,  thus  obtaining  as  before  113. 


Subject  2.  Body  weight  -  -  -  86  kilos. 

Urine  volume  ...  62-5  ml.  per  hour. 

Blood  collected  midway. 

From  the  weight  formula  above,  we  may  write  down  immediately  M« 
as  the  divisor  into  62-5  ml.  and  obtain  54  ml.  as  the  corrected  volume. 
From  Table  XXXVII  this  corresponds  to  a  concentration  ratio  of  56-2, 
55-2  ml.  water  being  added  to  1  ml.  urine. 

Diluted  urine  concentration  -  -  26-3  mg./lOO  ml. 

Blood  concentration  -  -  -  46-7  mg./lOO  ml. 


26-3 

46-7 


x  100  =  56. 


Normality  ratio  (Ru)  — 
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Subject  3.  Body  weight  -  -  -  64  kilos. 

Urine  volume  -  14  0  ml. /hr. 

Blood  collected  midway. 

Here  no  correction  need  be  made  for  body  weight  as  it  lies  in  the  region 
60-80  kilos,  though  some  may  prefer  to  make  it  as  a  routine. 

Making  the  correction  will  alter  the  volume  to  14-9  ml. /hr. 

Table  XXXVII  begins  at  20  ml. /hr.  since  there  is  no  apparent  increase  in 
urine  concentration  below  this  level,  though  more  data  are  here  desirable. 
Consequently  the  urine  is  regarded  as  being  20  ml. /hr.  and  a  dilution  of 
96-2  made  ;  95-2  ml.  water  being  added  to  1  ml.  urine. 


Diluted  urine  concentration  -  -  21-4  mg./lOO  ml. 

Blood  concentration  ...  30  0  mg./lOO  ml. 


Normality  ratio  (Ru) 


21-4 
3(H)  X 


100  =  71. 


Normal  limits  and  distribution  of  the  normality  ratio  (Ru). 

Fig.  661  gives  the  general  distribution  of  the  normal  ratios  or  Ru 
values,  and  also  the  distribution  for  a  single  individual  (histo¬ 
gram  III,  in  which  the  dotted  line  gives  the  effect  of  a  meal).  The 
chief  interest  for  the  pathologist  or  clinician  in  such  assessment 
of  function  lies  in  the  consideration  of  a  lower  normal  limit  (already 
considered). 

With  regard  to  the  normal  limits,  5%  of  the  Ru  values  fall 
below  70.  These  include  no  doubt  a  certain  percentage  of  experi¬ 
mental  errors.  From  60  to  70  may  be  taken  as  a  region  of  sus¬ 
pected  subnormal  functioning,  to  be  certified  by  further  determin¬ 
ations. 

Concerning  the  variability  of  Ru  it  may  be  said  that  even  for 
the  single  individual  there  occur  very  appreciable  variations  in 
the  renal  functional  power.  When  the  observations  are  scattered 
throughout  the  day,  and  up  to  120  ml.  per  hour,  the  standard  de¬ 
viation  is  12-3  (probable  error  =  8-3).  Nearly  all  the  observations 
will  then  lie  between  ±25%  of  the  mean.  When  the  observa¬ 
tions  are  carried  out  each  day  at  the  same  time  the  standard 
deviation  is  9-5  (probable  error  6-4).  The  difference  is  largely 
due  to  the  effect  of  meals— but  differences  even  in  the  normal 
range  of  body  temperature  appear  also  to  have  appreciable 

influence  on  the  excretion.  Distributions  of  Ru  values  are  given 
in  Fig.  66.  6 
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The  use  of  equations  instead  of  tables  for  renal  function  tests. 

Demonstration  that  the  value  of  the  equation  for  this  purpose 
lies  in  providing  a  figure  for  the  average  normal  urine  concentration 
under  the  given  conditions.  Any  urea  excretion  formula  which 
may  be  considered  as  at  all  significant,  and  the  mean  normal  value 
of  which  is  represented  as  100,  can  be  written  in  the  form 

VC\  =  100  xf(Cb,  V,  If),  (3°) 

where  FC„  is  the  excretion  in  unit  time,  and  f(C'b,  F,  If)  some 
function  of  the  urine  volume  (F),  the  blood  concentration  (C„) 
and  the  body  weight  (IF). 

If  on  the  right  we  insert  the  values  for  a  given  individual  during 
an  observation,  we  shall  get  nearly  always  values  different  from 
VCU  the  actual  excretion  rate.  However,  the  value  of  the  ex¬ 
pression  2{VCJ  -  VCU)2  is  (or  should  be)  a  minimum.  Here  Cu 
is  the  actual  urine  concentration  and  C u  the  calculated  value ; 
VCJ  being  the  value  of  the  expression  on  the  right  of  the  previous 
equation.  The  value  of  the  above  expression  can  only  be  a 
minimum  when  VCJ  is  the  average  normal  figure  under  the  given 
conditions  (of  blood  concentration,  etc.).  Equation  3 a  may  now 
be  written 


VC, 


f(V,  cb,  W) 

or,  as  we  have  seen 

VC 


=  RU{  =  100  as  the  mean  value), 


100 


x  U,  =  RU(  =  100,  mean  value), 

ft,, 


(4a) 


where  VCJ  is  the  average  normal  excretion  at  given  values  of 
Cb,  V  and  W. 

It  is  obvious  that  the  equation — for  the  purpose  in  question — 
only  provides  us  with  a  figure  for  the  average  normal  output. 

The  theoretical  significance  of  the  equation  whereby  VCJ  is 
obtained  is  a  second  stage  in  the  interpretation. 

Urea  excretory  equations.  It  may  be  said  that  an  equation  is 
here  valid  just  in  so  far  as  it  predicts  the  output.  The  compara¬ 
tive  accuracy  with  which  it  does  this  can  be  decided  only  by 
standard  statistical  procedure. 
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(a)  The  general  diffusion-pressure  equation.  This  for  constant 
body  weight  may  be  written 

V(Cu-Gb)  =  U0Cb  F‘>-^-o-ooi52F>  (5«) 

which  can  be  put  in  the  form 

C 

~  =  l+  440F-°-5e-°-00152F, 

Gb 


or>  4.4  CbV-° -5 e-0-00152F  =  R»  =  100  (mean  value)-  (6c0 

The  comparison  of  the  prediction  of  the  average  excretion 
from  equation  6a  and  the  two  ‘  clearance  ’  equations  is  made  in 
Table  XXXVIII,  and  in  Fig.  65  (which  latter  also  includes  the 
Dominguez  curve). 

At  low  values  of  F  this  approximates  to 


or, 


U 

G, l 

■JVC„ 

4  Cb 


=  400F-°-5  = 


400 

7?’ 


=  100  (mean  value). 


(7a) 


At  high  values  of  F,  e~°-oon2V  goes  proportionally  to  F-°’5  over 

a  wide  range  of  urine  volume  (a  mean  deviation  of  about  5% 

from  200-800  ml.  per  hour),  so  that 

n  a  constant 

X?  approximates  to  F-0'5  x  F-0'5  x  a  constant  = - y - * 

Gb 

The  equation  may  then  be  written 


V(Cu-Gb) 
44  Cb 


=  100  (mean  value). 


(8a) 


In  the  general  pressure  equation  6a,  the  expression  on  the 
right  may  be  put  in  tabular  form  with  changes  of  V.  This  table 
would  give  the  mean  concentration  ratio  of  urine  to  blood  at  the 
given  urine  rates,  and  the  result  will  be  the  same  as  when  using 

Table  XXXVII. 

As  an  aid  to  interpretation,  it  may  be  added  that  if  we  consider 
any  substance  actively  excreted— without  accompanying  water 


nf  V  in  e-0-°0152F,  and  this  equa- 
*  For  inulin  there  is  a  different  coefficient  ol  t  in  e 

tion  holds  for  a  much  lower  range  of  V. 
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from  the  cells — the  excretory  activity  of  the  cells  may  be  thought 
of  as  producing  or  tending  to  produce  a  relatively  high  concentra¬ 
tion  in  a  film  of  fluid  at  the  edge  of  the  cell.  With  a  stationary 
or  near  stationary  urine  in  the  lumen,  the  concentration  therein 
would  be  the  same  as  in  such  a  film.  With  a  freely  flowing  urine 
the  concentration  therein  would  tend  to  vary  inversely  with  the 
urine  volume. 

It  may  be  said  that  the  general  diffusion  pressure  equation  is 
superior  to  both  clearance  equations  even  over  the  special  regions 
to  which  these  latter  apply  ;  but  such  applicability  would  be 
generally  considered  to-day  as  purely  empirical,  and  the  theory 
underlying  it  receive  little  support. 

Attention,  however,  may  be  directed  to  the  following  points. 

(а)  It  is  believed  that  the  direct  evidence  supplied  from  measurement  of 
flows  down  the  nephron,  as  supplied  in  the  very  admirable  work  of  Richards 
and  his  school,  is  in  practically  complete  accord  with  current  views.  It  is 
scarcely  necessary  to  say  that  such  work  has  added  much  that  is  funda¬ 
mental  to  our  knowledge  of  renal  physiology.  Yet  it  may  surprise  the 
reader  to  learn  that  the  direct  data  provided  (as  by  Walker  and  Hudson. 
1937)  do  not  support  the  view  that  any  substance  is  concentrated  by 
water  absorption  down  the  proximal  tubule  (vide  Conway,  FitzGerald  and 
MacDougald,  1940)  and  the  proximal  tubule  constitutes  about  70%  of  the 
total  volume  of  the  nephron. 

(б)  If  no  water  is  absorbed  down  the  proximal  tubule — and  for  this  the 
evidence  is  apparently  strong — then  the  explanation  given  for  the  con¬ 
centrating  effect  of  glucose  after  phloridzin  is  incorrect,  and  one  of  the  main 
props  of  the  current  views  collapses. 

(c)  Such  current  views  concerning  the  excretion  of  inulin  and  urea  would 
lead  to  a  logical  contradiction,  whereby,  from  the  evidence  provided,  it  may 
be  deduced  that  urea  is  reabsorbed  in  proportion  to  its  lumen  concentra¬ 
tion,  and  again  that  it  is  reabsorbed  independently  of  its  lumen  concentra¬ 
tion  (vide  Conway,  1938). 

(d)  Tbe  fact  that  some  substances  of  different  chemical  composition  are 
concentrated  in  almost  identical  amounts  in  the  urine  (relative  to  the 
plasma  concentration)  is  no  doubt  strong  evidence  in  favour  of  their  being 
so  concentrated  by  water  reabsorption,  which  provides  the  easiest  explana°- 
tion.  Yet  it  may  be  pointed  out  that  the  process  of  active  excretion— 
which  must  be  now  accepted  for  many  substances  in  the  mammalian  kidney 
-is  not  at  present  understood  and  a  process  may  achieve  a  similar  physical 
result  with  a  certain  group  of  substances  independently  of  their  chemical 
constitution.  The  fact  that  other  substances  may  be  concentrated  less  and 
still  others  more,  and  further,  that  the  preponderating  effect  with  these 
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latter  tends  to  be  lost  with  increasing  blood  content  would  appear  not  out 
of  accord  with  a  view  that  the  concentrating  of  substances  in  the  urine  is 
predominantly  an  active  excretory  effect. 

Nevertheless,  this  type  of  evidence  would  appear  to  most  to-day  to  lead 
to  the  conclusion  that  the  concentrating  of  urinary  substances  is  mainly 
an  effect  of  water  reabsorption  (at  least  for  vertebrates)  but  a  re-state - 
ment  of  current  views  is  desirable  in  relation  to  the  above  points. 


The  ‘  clearance  ’  formulae.  The  £  clearance  ’  formula  (Van 
Slyke  et  al.,  1935),  corresponding  to  equation  la  may  be  written 

JVC 

- - = £  clearance  ’  as  percentage  of  the  average  normal  value.  (9a) 

4*  1 8G& 

The  introduction  of  the  volume  as  a  square  root  function  (1921) 
was  the  novel  feature  of  this  equation  and  was  introduced  as 
follows  :  £  We  have  tried  curves  representing  other  functions  of 
V,  such  as  V3  and  F* ,  and  log  F,  without  finding  one  that  so  nearly 
approximates  the  experimental  results.’ 

The  exact  verification  (within  the  sampling  error)  of  the  index 
of  F  in  equation  9a  as  0-50  was  given  by  the  present  writer  (1929). 
The  above  £  clearance  ’  formula  gives  values  too  low  at  120  ml. 
per  hour  by  9-8%,  the  similar  error  for  equation  la  being  4-5%, 
whereas  equation  6a  shows  no  error  here.  The  cleaiance 
formula  corresponding  to  equation  8 a  and  used  beyond  a  mine 
rate  of  120  ml.  per  hour  may  be  written 
VC, 


451 C, 


£  clearance  ’  (as  a  percentage  of  the  average  normal 


value).  (10a) 

This  £  clearance’  equation  (in  similar  form)  was  introduced  by 
Marshall  and  Davis  (1914)  and  further  developed  by  Pepper  and 
Austin  (1915),  Addis  and  Watanabe  (1916),  Addis,  Barnett  an 
Shevky  (1918),  Austin,  Stillman  and  Van  Slyke  (1921),  showing 
definitely  that  a  high  rate  was  essential  for  its  appearance. 

The  earliest  attempts  to  express  the  urea  excretion  in  an 
equational  form,  and  taking  account  of  the  variables  Cu,  Cb  and 
w  were  made  by  Ambard  (1910,  1912).  His  equations  may  be 
regarded  as  haying  now  only  historical  interest  in  a  general  treat- 

ment  of  the  subject. 

The  peaks  in  the  distribution  curve  of  normal  renal  function 
values.  The  distributions  in  Fig.  66  show  these  pecuhant.es. 
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The  first  histogram  is  for  Ru  using  Table  XXXVII  (limiting 
the  value  to  120  ml./hr.),  the  second  for  Ru'  (equation  la  to 
120  ml./hr.  The  RJ  values  with  the  ‘  clearance  ’  equation 
are  slightly  lower).  It  will  be  seen  that  for  both  distributions 
there  is  a  marked  grouping  around  two  main  peaks.  The 
grouping  here  into  peaks  has  a  different  significance  than 
for  the  previous  distribution  of  blood  concentration,  etc.  The 
latter  could,  for  example,  be  varied  almost  at  will  by  increas¬ 
ing  the  protein  and  water  intake.  It  is  intimately  dependent  on 
these  factors  as  well  as  on  the  renal  power  to  excrete  urea.  In 
the  renal  function  values,  however,  the  main  apparent  factors 
have  been  allowed  for,  so  that  variability  here  tending  to  two 
modes  has  an  ultimate  metabolic  significance  for  the  kidney. 
The  effect  of  meals  arises  for  consideration.  In  the  first  to  the 
second  hour  there  is  in  fact  a  rather  marked  rise  in  the  urea 
excretory  power,  as  shown  in  histograms  III  and  IV  of  Ru  and  Ru' 
values  for  the  single  individual.  The  dotted  lines  represent  the 
effect  of  a  light  lunch,  the  mid-point  of  the  urine  collection  being 
in  the  first  to  the  second  hour  after  the  meal.  The  thick  line  re¬ 
presents  the  distribution  of  31  values  in  the  third  to  the  fourth  hour 
after  breakfast  and  immediately  prior  to  lunch,  and  this  distri¬ 
bution  shows  a  marked  grouping  into  two  regions  of  activity. 

Each  of  these  31  values  was  obtained  on  a  separate  day  (the 
conditions  being  strictly  normal  and  routine),  and  the  mid-time  of 
the  urine  collection  was  always  in  the  third  to  the  fourth  hour 
after  breakfast. 

Similar  peaking  appears  in  the  general  distribution  of  values  in 
histograms  I  and  II.  Such  data  show  a  marked  grouping  into 
two  peaks  which  can  have  no  relation  to  the  metabolic  effect  of 
meals.  (A  similar  distribution  was  also  observed  for  functional 
values  before  breakfast,  Conway,  O  Connor  and  O  Donovan,  1937.) 

W  e  must  assign  these  groupings  to  obscure  metabolic  causes. 
It  is  of  interest  to  note,  however,  that  similar  phases  in  the  general 
metabolic  curve  have  been  observed  by  O’Connor  (1935,  1936),  and 
a  very  striking  resemblance  in  slope  and  phasic  formation  has 
been  noted  in  the  curve  of  urea  secretory  function  for  the  experi¬ 
mental  animal  and  that  of  the  general  metabolic  curve  when 
plotted  against  body  temperature  (Conway  et  al,  1937). 
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Comparing  the  histograms  for  the  single  individual  and  for  the 
general  group,  it  would  seem  that  in  the  general  histogram  a  third 
peak  illustrating  the  effect  of  meals  should  be  evident  with  a 
sufficiently  large  number  of  data.  This  peak  would  lie  some 
distance  to  the  right  of  the  second  peak,  and  is,  in  fact,  already 
manifest  to  some  extent. 

The  single  individual  from  whom  the  data  for  histograms  were 
obtained  had  an  exceptionally  high  mean  value  for  the  urea 
excretory  function.  For  comparative  purposes  the  histograms 
are  so  arranged  that  the  first  peak  in  the  distribution  for  this 
individual  coincides  with  the  first  peak  in  the  general  distribution. 
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Absorption  rates  in  ‘  unit  ’,  14-30,  90, 
117,  178,  192,  193,  205,  210. 
general  principles,  23-30. 
substances. 

— ,  acetone,  236,  238,  269. 

— ,  alcohol,  249,  269. 

— ,  ammonia,  14-30,  90,  117. 

— ,  benzylamine,  178. 

— ,  bromine,  28,  204,  205. 

— ,  carbon  dioxide,  28,  209,  210. 
— ,  chlorine,  28,  192,  193. 

— ,  diethylamine,  179. 

— ,  dimethylamine,  176,  177, 

179. 

— ,  ethylamine,  176,  177,  179. 

— ,  iodine,  202,  206. 

— ,  iso-amylamine,  178. 

— ,  iso-butylamine,  178. 

— ,  triethylamine,  179. 

— ,  trimethylamine,  179. 
Acetamide,  173. 

Acetone,  determination  of  in  blood  and 
urine,  236-240. 

— ,  micro-detection,  269. 

Acetic  acid,  determination  of,  246-249. 
Acidosis,  bicarbonate  content  of  blood 
in,  213. 

Adenine,  173. 

Adenosine,  determination  of  in  blood 
and  urine,  236-240. 

Adenylic  acid,  determination  of,  171. 
Adenylpyropliosphoric  acid,  deter¬ 
mination  of,  171. 

- ,  in  blood,  171. 

- , - ,  short  method,  171. 

- ,  in  muscle,  168. 

‘  Agla  ’  micrometer  syringe,  38. 

Air  displacement,  in  glass  standardisa¬ 
tion,  334. 

Albumin,  in  plasma,  determination  of, 
127. 


Alcohol,  determination  of  in  body 
fluids,  250. 

— ,  micro-detection,  274. 
Alkalamine-dl.,  176. 

Alkali  reserve,  208,  212,  216. 

- ,  determination  of,  211,  212,  214. 

- ,  values  of,  213. 

- , - ,  acidosis  in,  213. 

- , - ,  normal,  213. 

Amide  nitrogen,  determination  of,  175. 
Amines,  176-182. 

— ,  absorption -rates,  178. 


Amines — cont. 

— ,  determination  of,  178. 

— ,  identification  of,  176-177. 

— ,  trimethylamine  method  of  Beatty 
and  Gibbons,  180. 

Ammonia,  8-13,  25-29,  64-71. 

— ,  absorption  rate  in  1  unit  9,  14-21, 
27-29,  98-101. 

— , - ,  curves  of,  15,  16. 

— , - ,  dimensions  of  ‘  unit  ’,  effect 

of,  18,  19. 

— , - ,  fluid  volume,  effect  of,  13, 

15-17. 

— ,  —  — ,  formulae  for,  13,  17,  26-29, 
97. 

— , - ,  general  principles  affecting, 

23-29. 

— , - ,  pH  effect  on,  98. 

— , - ,  rocking,  effect  on,  20. 

— ,  —  - — ,  salt,  effect  on,  99,  100. 

— ,  buffering  at  end-point,  322. 

— ,  determination  of,  8-11,  60-72,  87— 
128. 

— , - ,  general  method,  87-101. 

— , - , - ,  absorption  periods,  90. 

— , - , - ,  other  than  acidimetric 

procedures,  102. 

— , - , - ,  —  — ,  bromometric, 

102. 

— , - , - , - — ,  colorimetric  or 

spectro  photometric,  104. 

— , - ,  in  blood,  109-118. 

— , - ,  in  muscle,  118-122. 

— » - , - ,  Embden’s  method, 

118-119. 

— » - >  - - ,  Parnas’s  method,  1 19. 

— > - ,  in  natural  waters,  123. 

— , - ,  in  urine,  108. 

— > - ,  suspended  absorption,  by 

method  of,  112. 

— ,  solubility,  27. 

— ,  tension  in  solutions,  27. 

Anions,  effect  on  ammonia  tension, 


Bang  burette,  9,  36,  37,  50,  328. 
Barium  hydroxide  solutions,  89,  92, 


Beer’s  law,  73,  78. 

Benzylamine,  178. 

Bicarbonate,  determination  of 

212. 


208- 


,  in  blood,  see  under  Blood. 
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Blood, 

acetone,  determination  of,  236-238. 
albumin,  determination  of,  127. 
alcohol,  determination  of,  250. 
in  ammonia,  determination  of, 
108-118. 

— ,  formation  of,  110,  111,  114,  115. 
— ,  normal  content  of,  109-111. 
bicarbonate,  determination  of,  212- 
213. 

— ,  content  in  acidosis,  213. 

— ,  normal  content,  202. 
carbon  monoxide,  determination  of, 
257. 

carbonic  anhydrase,  determination 
of,  226,  229. 

- ,  normal  content  of,  229. 

chloride,  determination  of,  229. 

— , - ,  accuracy  of,  188. 

collection,  in  ammonia  method, 
113. 

— ,  in  bicarbonate  method,  203. 
globulin,  determination  of,  127. 
glucose,  determination  of,  220. 
lactic  acid,  determination  of,  241. 
pH  determination,  213. 
saturation  with  alveolar  air,  216. 
urea,  determination  of,  152-157. 

— , - ,  accuracy  of,  155. 

— ,  clinical  use  of  and  normality 
ratio,  361-373. 

— ,  *  recoveries  ’  of,  by  aeration 
method,  137. 

— , - ,  by  microdiffusion 

method,  137. 

Boric-HCl  procedure  for  ammonia 
determinations,  95. 

Bromide  determination,  196-205. 

- ,  accuracy  of,  202. 

- ,  ashing  for  blood,  etc.,  197. 

- ,  effect  of  chloride  on,  202. 

- ,  effect  of  iodide,  202. 

- ,  in  blood,  199,  200. 

- ,  in  urine,  199,  200. 

- ,  inorganic,  198. 

- ,  oxidation  in,  197,  198. 

- ,  reagents  for,  201. 

Bromide  oxidation,  effect  of  acid 
strength  on,  203. 

_ .f  effect  of  dichromate  concentra¬ 
tion,  205. 

Buffering  by,  absorbed  ammonia,  322. 

- >  carbon  dioxide  of  air,  320. 

- ,  hydrogen  ions,  319. 

- ,  indicator,  321. 

- ,  weak  acid,  321,  349. 

Burette,  types  of,  _ 

- - ,  Bang,  9,  36,  37,  50,  303,  307. 

_ t - ,  Conway,  44-50,  295,  303, 

315. 

_ f _ ,  Harman  and  Webster,  modi¬ 
fication,  49. 


Burette,  types  of — cont. 

— , - ,  Wilson  modification,  50. 

— ,  Hadfield  Syringe  burette,  50. 

— ,  Holt  and  Callow,  50. 

— ,  Kirk,  50,  54. 

— ,  Rehberg,  51-55. 

— ,  Trevan  Syringe  burette,  38. 

— , - ,  50  ml.  burette,  294,  295,  299, 

303,  307,  308. 

— , - , - ,  drainage  in,  299. 

— , - , - ,  Lindestrom-Lang  and 

Holter’s,  60. 

Burette  error, 

- ,  constant,  337,  339. 

- ,  — ,  standardisation  of,  337,  339. 

- ,  — ,  tolerance  of,  307. 

- ,  variable,  294-302. 

- ,  — ,  delivery  error  in,  294-303. 

- ,  — ,  — ,  effect  of  bore,  296. 

- ,  — ,  — ,  effect  of  drainage,  298. 

- ,  — ,  — ,  formulae  for,  296-297. 

- ,  — ,  manipulation  error,  299-302. 

- ,  — , - ,  end-point  emergence, 

50,  299. 

- ,  — , - ,  reading  error,  300. 

Butylamine,  173. 

Butyramide,  173. 

Butyric  acid,  determination  of,  247. 


Calcium  oxalate,  micro  titrat  ions  of,  60. 
Carbonates,  determination  of,  208-2 1 2. 

— , - ,  accuracy  of,  210. 

— ,  sealing  of  ‘  unit  ’  in,  210. 

Carbon  dioxide, 

- ,  buffering  (atmospheric),  320. 

- -,  combining  power  of  blood,  214, 

216. 

- ,  effect  of  blood  ammonia  forma¬ 
tion,  114. 

- ,  rate  of  absorption,  28,  209. 

- ,  total  in  blood,  determination  of, 

212. 

Carbon  monoxide,  determination  of,  in 
blood,  257. 

Carbonic  anhydrase,  determination  of, 
226. 

Cations,  effect  on  ammonia  tension,  99. 
Chemical  error, 

- ,  constant,  341—350. 

- ,  — ,  of  pH  end-point,  345-350. 

_ ,  — ,  of  standardising  substances, 


341. 

- ,  variable,  317-323. 

_ .f  — ;  influence  in  micro  titration, 

324,  325.  .  ,  ,  , 

_ — t  interplay  with  variable  glass 


error,  324,  329. 

Chloride  determination,  184-19o. 

- ,  accuracy  of,  187,  188,  191. 

_ f  dimensions  of  ‘  unit  effect  ox, 


195. 

- ,  fixative  used  in,  186. 
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Chloride  determination — cont. 

- ,  fluid  volume,  effect  of,  194. 

—  -,  in  blood,  188. 

—  — ,  in  tissues,  189. 

- ,  in  urine,  188. 

- ,  reagents  for  use  in,  186. 

- ,  temperature,  effect  of,  294. 

Chloride  oxidation, 

- ,  effect  of  acid  concentration, 

193. 

- ,  effect  of  permanganate  concen¬ 
tration,  192. 

- ,  time  curves,  191,  192. 

Chlorine,  absorption  from  chlorine 
water,  28,  193. 

Chloroform  in  blood,  determination  of, 
253. 

Choline,  173. 

‘  Clearance  ’  equations,  365,  374. 
Colorimeters,  72-85. 

— ,  Dubose,  73. 

— ,  Leitz  (2  stage  Universal),  81. 

— ,  points  in  use  of,  76. 

Colorimetry, 

— ,  accuracy  in,  4,  85. 

— ,  compensatory  device  (Leitz),  74. 

— ,  general  principles  of,  72-85. 

— ,  range  of,  4. 

Constant  error, 

— ,  allowances  in  Kjeldahl  N- 
determinations  (macro-distillation), 
356-359. 

- > — ,  in  Kjeldahl  N-determina- 

tions  (microdiffusion),  360. 

- ,  chemical,  see  Chemical  error, 

340-351. 

- ,  glass,  see  Glass  error,  332-335. 

Conway  burette,  46. 

— ,  Levvy’s  modification  of,  60. 

— ,  McFarlane’s  modification  of,  62. 

— ,  Ramsay’s  modification  of,  61. 
Conway  ‘  unit  ’,  1-13. 

— ,  No.  2  and  2A,  10. 

— ,  absorption  rates  in,  15,  16,  178,  192, 
193,  185,  210. 

— ,  cleaning  of,  12. 

Corrections,  for  constant  errors  in 
titration,  etc.,  334-341. 

— ,  for  urine  volume  in  Normality 
Ratio  determinations,  367. 

Crystals  and  ‘  Gums  ’,  separation  of, 
264. 

Curve  of  error,  273. 

Cystine,  173. 

Cytidine,  173. 

Cytosine,  173. 

Dale’s  *  oscillating  table  ’,21. 

Delivery  error,  see  Burette  and  pipette 
error. 

Density  correction  in  glass  and  solution 
standardisation,  334,  335. 


SUBJECTS 

Density  of  air,  325. 

— ,  of  brass,  335. 

Deviation,  standard,  33,  273. 
Dibromo-indigo  (6-6),  203. 
Dibromotyrosine,  203. 

Diethylamine,  179. 

Diffusion  coefficients, 

- ,  ammonia  in  water,  23. 

- ,  — ,  (gaseous),  24. 

- ,  chlorine  (gaseous),  28. 

- ,  oxygen  (gaseous),  24. 

Diffusion  (Micro)  ‘  units  ’  or  cells,  see 
Microdiffusion. 

Diffusion  rate, 

- ,  from  stratum,  23. 

- ,  into  absorbing  medium,  25. 

—  — ,  of  gas,  steady  state,  24. 

- ,  temperature  effect  on,  24. 

Digest  mixtures,  125,  133,  134,  135, 

147. 

Dimethylamine,  176,  177,  179. 
Dinitro-naphthol  compounds  with 
amines,  optical  properties,  177. 
Discrimination  error  and  range,  310. 

— ,  in  Kjeldahl  N-determinations,  351. 
Drainage, 

— ,  from  pipettes  (curves),  283. 

— , - ,  effect  on  variable  error,  274, 

282. 

— ,  in  burettes,  298,  299. 

‘  Drop-scale  ’  methods,  64-77. 

—  — ,  Kirk’s  technique,  64-67. 

- ,  Linderstrom-Lang  and  Holter’s 

technique,  67-72. 

Dubose  colorimeter  (principle),  73. 

Electrometric  titration,  use  of  in  nitro¬ 
gen  determinations,  140. 

Embden’s  method  for  ammonia  in 
muscle,  etc.,  118. 

End-point, 

- ,  emergence,  51,  299. 

- ,  error,  see  variable  and  constant 

Chemical  errors. 

Epinine,  176. 

Error, 

— ,  constant,  see  Chemical  and  Glass 
errors. 

,  discrimination,  see  Discrimination 
error. 

— ,  manipulation,  see  Burette  error. 

— ,  normal  curve  of,  273,  274. 

— > - ,  equation  for,  273. 

,  summation  of  variable  errors.  274 
275,  276. 

— ,  wall  fluid  and  variable  error,  285. 
Error  in  25  ml.,  1  ml.  and  01  ml. 

techniques,  305-315. 

Error  in  Kjeldahl  N-determinations 
(macro-distillations),  351-359. 

>  with  microdiffusion 
technique,  359-361. 
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Error  with  Pulfrich  photometer,  86. 
Ethyl  alcohol,  determination  of  in  body 
fluids,  227. 

Ethylamine,  176,  177,  179. 

Extinctions,  79. 

Extinction  coefficient,  80. 

- ,  determination  by  Pulfrich 

photometer,  82. 

- ,  — ,  by  4  grey  solution  ’,  80. 

Fatty  acids,  Volatile,  determination  of, 
246-249. 

Fehling’s  solution,  error  in  delivery  of, 
339. 

Fermentable  sugar  in  normal  urine,  224. 
Fermenting  power  of  yeast,  218. 

Fish  spoilage,  determination  of,  219. 
Fixative,  for  ammonia  determinations, 
93. 

— ,  for  chloride  determinations,  188. 
Fixatives,  water  soluble,  93-94. 

Flask,  volumetric. 

— ,  — ,  constant  error  corrections,  337, 
338. 

Flour,  wheaten,  determination  of 
nitrogen  in,  125. 

Formic  acid,  determination  of,  247. 
Franke’s  lancet,  152. 

4  Gamma  ’,  definition  of  symbol  (y),  4. 

4  Gammil  ’,  definition,  4. 

Glass  error, 

- ,  constant,  332-341. 

- ,  — ,  air  displacement  correction, 

334. 

_ ,  — ,  alteration  with  temperature 

effect  on  wall  fluid,  336,  340. 

- ,  — ,  definition,  271,  332. 

- ,  — ,  density  correction,  334. 

- ,  — .  determination  of,  332. 

_ t  — ,  glass  expansion  correction, 

335. 

_ ,  — ,  tables  of  correction,  335,  338. 

- ,  variable,  278,  315. 

- ,  — ,  burette,  of,  294. 

_ ,  — ,  — ,  see  Burette  error. 

_ f  — ,  Interplay  with  variable 

chemical  error,  317,  326,  328. 

- ,  — ,  pipette  of,  278-294. 

_ t  — ,  — ,  see  Pipette  error. 

_ ,  total  variable  glass  error,  350. 

Globulin,  in  plasma,  determination  of, 
127. 

Glucose,  in  blood,  determination  of, 
220. 

_ 5  yield  of  CO  on  fermenting,  221. 

Glucosamine,  173. 

Glycine,  173. 

‘  Grey  solution  ’,  72,  /7,  8.0 
Guanine,  173. 

Guanosine,  173. 

Gum  arabic  fixative,  94. 


SUBJECTS 

Gums,  and  Crystals,  separation  of,  264. 
Gum  tragacanth  fixative,  94. 

Hadfield,  modification  of  Trevan  bur¬ 
ette,  50. 

Halogen  mixtures,  determination  of 
halogens  in,  206. 

Halogens, 

— ,  delicacy  in  microdiffusion  method, 
183. 

— ,  principle  of  determination,  182. 
Henry’s  Law,  29. 

Histamine,  173. 

Histidine,  173. 

Holt  and  Callow  burette,  50 
Hordenine,  176. 

Horizontal  burette,  45,  46,  47,  48,  49, 
50. 

- ,  accuracy  with,  57-64. 

- ,  comparison  with  Bang  burette, 

57-59. 

- ,  comparison  with  Rehberg  bur¬ 
ette,  56. 

- ,  filling  of,  48. 

- ,  general  uses,  60. 

Hydrochloric  acid,  standard  solutions 
with  indicator,  91. 

Hydrogen  ion, 

- ,  buffering,  319. 

- ,  determination  of,  in  blood,  213. 

Impurity  in  standardising  substances, 
341. 

Indicator  buffering,  321. 

- ,  equation  for,  321. 

- ,  in  variable  chemical  error,  319, 

321. 

Intoxication  and  blood  alcohol  levels, 
253. 

Inulin  excretion,  269,  270. 

Iodide,  determination  of,  206. 
/so-amylamine,  178. 

/so-butylamine,  178. 

Javel  water,  105. 

Kirk’s  burette,  50. 

Kirk’s  total  nitrogen  determinations, 
135,  138. 

Kjeldahl  nitrogen  determinations, 

_ ,  volumetric  error  in,  351-359. 

_ f  with  microdiffusion  tech¬ 
nique,  123-151. 

_ t - ,  non-protein  nitrogen 

in  blood,  127. 

_ _ _ , - ,  urine,  126. 

_ f - ,  wheaten  flour,  125. 

_ ’ _ f - ,  volumetric  error 

in,  359.  ’  . 

_ t - ,  see  total  nitrogen  deter¬ 
minations. 
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Lactic  acid,  determination  of,  236. 

‘  Lambda  ’,  (A),  as  symbol  of  volume,  3. 
Lambert’s  law,  73,  78. 

Lambert-Beer  law,  73,  78. 

Lancet,  Franke’s,  152. 

Leitz,  compensatory  device,  72. 

— ,  special  filters,  80. 

— ,  two-stage  Universal  colorimeter,  81. 
Leucine,  173. 

Linderstrom-Lang’s  technique,  67-72. 

- ,  apparatus,  69. 

- ,  burette  used,  70. 

- ,  pipette,  70. 

Macro-Kjeldahl  determinations,  see 
Kjeldahl  nitrogen  determinations. 

- ,  Linderstrem -Lang’s  technique, 

70. 

Manipulation  error,  see  Burette  error. 
Meniscus  reading, 

- ,  device  for,  301. 

- ,  effect  on  variable  error  of  pipette, 

278. 

Methylamine,  176,  177. 

Methylene  blue,  with  methyl  red 
indicator,  92. 

Methyl  red,  with  methylene  blue 
indicator,  92. 

Methyl  red  indicator, 

- ,  buffering,  321. 

- ,  maximum  sensitivity,  pH  value, 

59. 

- ,  molecular  weight,  321. 

micro  burettes,  see  Burettes. 

micro  concentrations,  descriptions  of,  3. 

Microdiffusion  analysis, 

- ,  apparatus,  7-11,  20,  69,  130,  134. 

Microdiffusion  apparatus  other  than 
standard  type,  12. 

- >  procedure,  see  under  different 

substances. 

Micrometer  syringe,  Trevan,  36,  or 
‘  Agla  ’,  38. 

Microgram  (fig),  3. 

Micro-Kjeldahl  determinations,  see 
Kjeldahl  nitrogen  determinations. 
Micro  titration, 

- ,  rationale  of,  324-331. 

- ,  volume  limitation  in,  329-331. 

Molecular  concentration,  total,  deter¬ 
mination  of,  262. 

Monochromatic  light  in  colorimetry,  75. 
Muscle  determinations, 

— ,  adenylpyrophosphate  determina¬ 
tion  in,  168. 

— ,  ammonia,  preformed,  118. 

— ,  chloride  in,  190. 

— ,  urea  in,  165. 


Natural  waters,  ammonia  content  of, 
123. 


,  ammonia  determination  in,  122. 


Nessler  reagent,  104,  105,  269. 

- ,  preparation  of,  104. 

Nitrate,  determination  of,  174. 

Nitrite,  determination  of,  174. 
Nitrochromic  reagent,  269. 

Nitrogen  determinations  of 

- ,  over  100  pg  N 

- , - ,  in  blood  filtrates,  127. 

- , - ,  in  urine,  126. 

- , - ,  in  wheaten  flour,  125. 

- ,  under  lOOpgN,  129-143. 

- ,  Borsook  and  Dubnoff’s  pro¬ 
cedure,  130. 

- ,  Hawes  and  Skavinski’s  pro¬ 
cedure,  135. 

- ,  Needham  and  Boell’s  procedure, 

134. 

- ,  Tompkins  and  Kirk’s  procedure, 

135. 

- ,  under  1  pg  N. 

- ,  Bruell,  Holter,  Linderstrom- 

Lang  and  Rositz,  144. 

- ,  volumetric  error  in,  351-361. 

- ,  see  Kjeldahl  nitrogen  determina¬ 
tions. 

Nomographic  chart  for  blood-acetone 
determination,  240. 

Normal  curve  of  error,  273,  274. 
Normality  Ratio  (Urea),  5,  361-373. 

- , - determination  of,  257. 

- , - ,  from  equations,  371-374. 

- ,  normal  limits,  369. 

Organic  substances,  oxidation  of,  230. 

‘  Oscillating  Table  ’,  Dale’s,  21. 
Ostwald  pipette,  9,  31,  32,  34,  35. 

- ,  accuracy  of,  35. 

- ,  original  form  of,  35. 

Oxalate  for  standardising  solution,  341. 
Oxidation  of, 

- ,  bromide,  182,  196,  197,  203,  206. 

- ,  chloride,  182,  184,  191,  192,  193. 

- ,  iodide,  202. 

Oxidation  rates  of  organic  substances, 
using  a  standard  oxidant,  230. 
Oxygen  capacity  of  blood,  determina¬ 
tion  by  CO  method,  260. 

Peaks  in  Urea  Normality  Ratios,  370. 
Permeability,  changes  in  muscle  at 
about  3°  C.,  191. 
pH  determination  in  blood,  213. 
Phenate,  alkaline,  preparation  of,  105, 
106. 

Phenate-hypochlorite  reagent,  105. 
Picrates  of  amines,  optical  properties 
177. 

Pipettes, 

— ,  Krogh,  39. 

— ,  in  Linderstrom-Lang’s,  70. 

— ,  Ostwnld,  9,  31,  32,  34,  35. 

— ,  Ostwald,  original  form  of,  35. 
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Pippettes — cont. 

— ,  simple  tube,  30-34. 

— ,  standard,  274. 

— ,  Syringe,  36-40,  315. 

— ,  Trevan,  39. 

Pipette  error, 

- ,  constant,  332-341. 

- — ,  air  displacement,  correction 

for,  334. 

- ,  — ,  density  correction  for,  334. 

- ,  — ,  glass  expansion  correction 

for,  335. 

- ,  — ,  temperature  effect  on  wall 

fluid,  correction  for,  336-340. 

— - — ,  variable,  278-294. 

- ,  — ,  determination  of,  278-282. 

- ,  — , - ,  direct  weighing,  280. 

- ,  — , - ,  duplicate  differences, 

281. 

- ,  — , - ,  titration,  281. 

- ,  — ,  origin  of,  289. 

—  — ,  — ,  reduction  of,  289-291. 

- ,  — ,  summary  of  relations,  292. 

—  — ,  — ,  summation  of  variable  errors, 
237. 

Potassium  carbonate, 

- ,  effect  on  ammonia  tension,  99, 

100. 

- ,  preparation  of  saturated  solu¬ 
tions,  92,  153. 

Potassium  metaborate,  100,  125—126. 

- ,  effect  on  ammonia  tension,  100. 

Potassitim  salts,  effect  on  ammonia 
tension  in  solution  100. 

Pressure  equations,  urea  excretion  and 
Normality  Ratio,  371,  372. 
Propionamide,  173. 

Propionic  acid,  determination,  246-249. 
Pulfrich  photometer,  82-85. 

- ,  an  essential  principle,  82. 

- ,  error  with,  85. 

- ,  optical  arrangement  in,  82. 

- ,  relation  of  drum  rotation  to 

extinctions,  83. 

Purpuridae  (6-6  chromo-indigo  in),  203. 

Rain  water,  ammonia  content  of,  123. 
Rationale  of  micro-titration,  321. 
Reading  error,  burette,  300. 
Rectangular  distribution,  275. 

- ,  summation  of,  275. 

Rehberg  burette,  53-56. 

_ t  comparison  with  horizontal  bur¬ 
ette,  56. 

Renal  function  tests,  352-374. 

River  water,  ammonia  content  of,  123. 
Rocking  device,  20. 

Sea  water,  ammonia  content  of,  123. 
Selenate,  in  digest  mixtures,  125,  132, 
134. 

Selenium,  as  catalyst,  124,  125,  127, 
132,  134. 


Sodium  bicarbonate  as  standardising 
substance,  341. 

Sodium  phenate  reagent,  105-106. 
Special  filters,  75. 

Spectrophotometry,  76-85. 

Spekker,  absorptiometer,  determina¬ 
tion  of  extinctions  by,  84. 

— ,  error  in  use  of,  86. 

Spring  water,  ammonia  content  of,  123. 
Standard  deviation,  33,  273. 
Standardisation, 

— ,  burettes,  337. 

— ,  pipette,  337. 

— ,  volumetric  flask,  337. 

Standard  solutions,'  339. 

Storage  bottles,  42. 

Syringe  pipettes  and  burettes,  36-40, 
315. 

Tellurium  catalyst,  124. 

Temperature  effects  on, 

- ,  absorption  rate  in  ‘  unit  ’,  1 8, 

194. 

- ,  wall  fluid  in  glassware,  287. 

Threonine,  determination  of,  244. 
Thymolphthalein  indicator,  208. 
Thyroxine,  202. 

Tissue,  ammonia  determination  in,  118. 
— ,  chloride,  188. 

— ,  urea,  165. 

Titanium  catalyst,  124. 

Titration  error  (account  of — given  in 
Part  III  of  book),  271-361. 

- ,  see  Glass  and  chemical  error  and 

Rationale  of  micro-titration. 

Total  nitrogen,  see  Nitrogen  determina¬ 
tions. 

Tragacanth  gum  fixative,  94. 

Trevan  pipette  or  burette,  36. 
Triethylamine,  179. 

Trimethylamine,  179,  180,  181. 

— ,  bacterial  origin  of,  181. 

— ,  determination  of,  180. 

Tyrian  purple,  203. 

Trichlorethylene  in  blood  determina¬ 
tion,  253. 

‘  Unit  ’,  standard  (No.  1). 

- >  calculation  of  absorption  in,  26. 

- ,  cleaning  of,  9. 

- ,  method  of  using,  7. 

- ,  plan  of,  8. 

u 

— ,  concentration  ratio  (urine/blood), 

362. 

— ,  determination  of,  in  blood,  15-.. 

_ t  normal  blood  urea  concentration, 

distribution,  159,  165. 

— ,  Normality  Ratio, 

— t - ,  definition,  363. 

_ t - ,  determination,  364. 

— f - ,  equations  for,  371. 
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Urea — cont. 

— ,  ‘  recoveries  ’  from  blood  by  aeration 
method,  137. 

— ,  *  recoveries  ’  from  blood,  micro  - 
diffusion  method,  137. 

— ,  tissue,  determination  of,  165. 

— ,  urinary,  determination  of,  161. 

— ,  urinary,  distribution  of,  162,  163. 
Urease,  action  of,  157,  158. 

— ,  effect  of  pH,  157,  158. 

— ,  preparation  of  extract,  153. 

— ,  salt  action,  159. 

Urease-phosphate  mixture,  155. 

Urine, 

— ,  ammonia  determinations,  108. 

— ,  — ,  relation  to  pH,  108. 

— ,  bromide,  determination, „  199,  200. 
— ,  — ,  normal  content,  202. 

— , — ,  chloride  determination,  188. 

— ,  urea,  determination,  161. 

— ,  volume,  distribution  of,  162-164. 

— ,  — ,  correction  of  to  body  weight  of, 
70  k.,  367-368. 

— ,  — ,  effect  on  urea  excretion,  363, 
366. 


Variable  error,  see  Glass  and  chemical 
error. 

- •,  definition,  271. 

- ,  total  variable  error  of  titration, 

324. 


Volumetric  error  (Part  III  of  book), 
271-361. 

- ,  in  classical  Kjeldahl  nitrogen 

determination,  351-359. 

- ,  in  nitrogen  analyses  with  micro  - 

diffusion  technique,  359-361. 

- ,  variable  and  constant  chemical 

error,  see  under  Chemical  error. 

- ,  variable  and  constant  glass 

error,  see  under  Glass  error. 


Wall  fluid  in  glassware, 

determination  of,  285. 
equation  for,  297. 
relation  to  delivery  time,  287. 
— ,  to  temperature,  287. 

— ,  to  tube  bore,  297. 

— ,  to  variable  error,  285. 
Water,  natural,  see  Natural  waters. 
Weak  acid,  buffering  of,  321. 

- ,  constant  error  from  deviation  of 

end-point  value  from  the  ideal,  349. 

- ,  ideal,  end-point  in  titrating,  346. 

Weight,  of  water  in  air, 

— , - ,  relation  to  in  vacuo 

weight,  334. 

— , - ,  standardisation  of  glass¬ 

ware  from,  334-341. 

Wheaten  flour,  nitrogen  determinations 
in,  125. 


Yeast,  determination  of  fermenting 
power,  218. 
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